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PREFACE. 


The  author's  endeavour  to  treat,  in  an  easily  appre 
hended  style,  upon  another  branch  of  the  Electro- 
metallurgic  art  ("Electro-Plating"),  has  received  so 
much  encouragement  that  he  has  been  induced  to 
offer  the  present  handbook  as  a  companion  volume, 
in  the  belief  that  it  will  meet  a  want  of  considerable 
extent. 

The  distinct  art  of  electro-typing  has,  within  the 
last  few  years,  advanced  with  such  wonderful 
rapidity  that  it  is  now  practised  as  an  important 
auxiliary  in  industries  of  the  most  varied  descrip- 
tion. The  particular  methods  employed  in  the 
processes  ten  years  ago  may  now  be  considered 
in  great  part  obsolete,  improved  systems  having 
superseded  them.  This  small  treatise  is  therefore 
intended  to  serve  as  a  guide,  not  only  to  beginners 
in  the  art,  but  to  those  who  still  practise  the 
old  and  imperfect  methods  of  electro-typing ;  it 
aims  also  at  preparing  the  way  for  a  thorough 
scientific  study  of  the  art,  if  such  be  considered 
necessary  for  its  successful  prosecution. 
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The  introduction  of  cheaper  electrical  generators, 
in  the  form  of  dynamo-electric  machines,  driven  by 
steam-power,  has  brought  about  many  of  the 
changes  above  alluded  to.  The  Americans  have 
exhibited  great  enterprise  of  late  years  in  cheapen- 
ing every  detail  of  the  process,  which  English 
electrotypers  have  not  been  slow  to  appreciate, 
adding  to  both  speed  of  working  and  excellence  of 
the  products ;  but  on  the  Continent,  especially  in 
Germany,  the  art  is  as  yet  in  a  backward  state. 

In  the  following  pages  special  prominence  has 
been  given  to  the  production  of  printing  electro- 
types, and  to  the  reproduction  of  art  work.  An 
endeavour  has  been  made  to  grasp  the  fundamental 
principles  of  the  art ;  an  earnest  attempt  has  been 
made  to  induce  the  reader  to  take  some  interest  in 
the  scientific  basis  of  the  processes,  by  giving 
practical  examples  of  the  use  he  can  make  of  the 
oft-misunderstood  and  generally  confusing  laws  of 
electro-chemical  science. 

The  first  chapter  of  the  book  is  in  great  part 
occupied  by  explanations  of  the  leading  electrical 
laws,  and  their  relation  to  the  chemical  compounds 
to  be  subjected  to  electrolysis.  An  endeavour 
has  been  made  to  reduce  the  terms,  "current  of 
electricity,"  "  amount  of  deposit,"  and  so  forth, 
to  some  real  and  easily  apprehended  meaning,  in 
order  that  the  reader  may  be  able  to  attach  prac- 
tical significance  to  the  current  he  is  using,  and 
reconcile  its  amount  with  the  weight  of  copper  he 
can  obtain.  Some  little  acquaintance  with  chemistry 
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on  the  reader's  part  has  been  assumed,  but  of  elec- 
tricity he  is  supposed  to  know  little  or  nothing  ;  he 
will,  however,  derive  great  benefit  from  a  careful 
perusal  of  the  electrical  laws  in  some  good  text-book. 
The  second  and  following  chapters  of  the  work 
are  devoted  to  instructions  to  the  operator,  with  a 
special  bearing  upon  ordinary  requirements.  The 
use  of  the  dynamo-electric  machine  is  explained  at 
length.  The  description  of  apparatus  employed  by 
the  electrotyper  has  received  careful  attention  ;  the 
materials  now  usually  found  best  suited  to  the 
different  sections  of  the  art  are  described ;  the 
preparation  of  work  for  the  depositing  process  is 
treated  at  considerable  length,  and  the  process 
itself  has  been  carefully  detailed  in  Chapter  VIII. 
The  work  is  thus  arranged  in  ten  chapters,  one 
division  being  devoted  to  each  important  section  of 
the  art :  the  divisional  paragraphs,  when  they  open 
a  new  portion  of  the  subject,  are  furnished  with 
italicised  headings. 

London,  1881. 


Digitized  by  tlie  Internet  Arcliive 

in  2007  witli  funding  from 

IVIicrosoft  Corporation 


littp://www.arcliive.org/details/electrotypingpraOOurquiala 


CONTENTS. 


CHAPTER  L 
Introduction  to  the  Art  .        .        .        ,  1—30 

CHAPTER  II. 
Metals  used  by  Electrotypers  ,        ,        31 — 38 

CHAPTER  III. 
The  Source  of  Electricity        .        ,        ,        39 — 98 

CHAPTER  IV. 
The  Solutions 99 — 117 

CHAPTER  V. 
Depositing  and  Moulding  Apparatus     .     ii8 — 140 

CHAPTER  VI. 
Moulding  Materials        ,        .        •  141 — 151 


X  CONTENTS. 

CHAPTER  VII. 

PAOR 

Preparation  of  the  Work  .  .     152 — 178 

CHAPTER  VIII. 

The  Depositing  Process  .         .  .     179 — 204 

CHAPTER  IX. 

Hard  Facings  for  Electrotypes       .  .     205 — 2 1 1 

CHAPTER  X. 

Final  Preparation  of  the  Work       •  •    212—^22 


ELECTRO-TYPING. 


CHAPTER  L 

Introduction  to  the  Art, 

The  electro-depositor's  art  is  so  widely  dissemi- 
nated over  numerous  modern  industries,  that  to 
give  a  concise  and  comprehensive  definition  of 
the  compound  term  electro-typing  is  rather  diffi- 
cult. Its  general  significance,  however,  may  be 
understood  to  imply  the  production  of  metallic  copies 
and  duplicates  of  objects  by  means  of  electricity. 

Thus,  an  electrotype  of  a  wood  engraving  con- 
sists of  a  metallic  duplicate,  accurate  in  every 
detail.  It  possesses  the  additional  advantage  of 
being  better  adapted  to  printing  purposes  than  the 
original. 

An  electrotype  of  a  plaster  bust,  or  a  bird,  or  a 
fish,  forms  an  accurate  metallic  reproduction  of  the 
original,  rigid,  and  indeed  everlasting. 

In  some  important  respects  the  products  of 
this  fascinating  and  beautiful  art  resemble  the 
results  of  photography ;  every  line,  excellent  fea- 
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ture  and  defect,  is  reproduced  with  a  faithfulness 
almost  surpassing  belief.  From  the  nearly  invisible 
lines  of  the  finest  steel  engraving  to  the  boldest 
contour  of  a  statue,  the  electrotype  is  throughout  an 
exact  and  unmistakable  reproduction. 

Copper  is  the  metal  almost  universally  employed 
in  the  production  of  electrotypes.  It  is  cheap, 
ductile,  strong,  and  flexible,  and  is  admirably 
adapted  for  printing  pui-poses  in  many  cases 
where  various  other  metals  and  wood  are  inad- 
missible. It  also  presents  an  agreeable  and  attrac- 
tive appearance  in  art  reproductions.  Electro- 
typed  printing  surfaces  may  be,  and  frequently  are, 
so  protected  from  the  efifects  of  wear,  by  means  of 
a  thin  and  hard  facing  of  iron,  brass,  or  nickel,  that 
they  may  be  made  to  yield  as  many  as  from  ten  to 
twenty  thousand  impressions.  The  "  steel  face," 
or  its  remains,  may,  moreover,  be  dissolved  off,  and 
the  process  repeated  without  loss  of  sharpness  or 
injury  to  the  original ;  in  this  manner  the  printing 
electrotype  may  be  made  infinitely  more  useful  than 
the  prototype  itself. 

Engraved  steel  plates  are  not  now,  owing  to 
their  great  value,  used  generally  in  printing; 
electrotypes,  steel-faced,  are  taken  of  them  and 
employed  in  the  printing  process.  Wood  blocks  of 
value  are  similarly  treated.  Set-up  type  is  fre- 
quently in  Europe,  and  almost  universally  in 
America,  copied  in  electrotype,  instead  of  by 
means  of  stereotyping,  the  old  casting  process. 
Any  number  of  copies  of  one  object  or  plate,  either 
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from  the  original  or  from  an  electrotype,  can  be 
obtained.  Bank-notes,  postage  stamps,  bill-heads, 
illustrated  newspapers,  playing  cards,  grocers' 
wrapping  papers,  maps,  and  numerous  other  kinds 
of  printing  work  are  executed  from  electrotype 
plates. 

In  the  domain  of  art  the  applications  of  the 
electrotype  are  no  less  widespread.  It  is  employed 
to  produce  copies  of  the  smallest  medals,  casts,  and 
coins ;  its  application  to  the  production  of  gigantic 
statues  and  ornaments  may  be  inspected  in  almost 
every  public  recreation  ground  ;  and  in  great  per- 
fection on  the  celebrated  Albert  Memorial,  in 
Hyde  Park.  It  is  almost  impossible,  and  its  ac- 
complishment would  prove  of  little  use,  to  detail 
the  numberless  applications  of  the  art ;  they  are 
legion,  and  may  be  said  to  be  enormously  aug- 
mented in  numbers  yearly. 

Having  thus  obtained  an  outline  conception 
of  the  field  in  which  the  electro-typer's  art  is 
utilised,  it  will  prove  instructive  to  briefly  ex- 
amine the  main  manipulatory  features  and  forces 
necessarily  employed  in  its  general  practice.  It 
will  be  well  to  premise,  however,  that  electro- 
typing  and  electro-plating  are  very  closely  re- 
lated to  each  other;  indeed,  one  is  often  classed 
with  the  other.  They  are  both  deposits  of  metals 
laid  in  position  by  means  of  electricity,  but  except 
in  this  main  particular  their  application  lies  in 
totally  different  fields.  To  electro-plate  is  to  dis- 
guise with  an  adherent  thin  coating  of  metal,  which 
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then  serves  as  an  ornamental  covering  to  the  object 
treated.  To  electrotype,  on  the  other  hand,  is  to 
produce  a  separate  and  distinct  object,  with  an 
existence  of  its  own.  The  following  26  pages  are 
exclusively  devoted  to  a  comprehensive  discussion 
of  the  chief  conditions  under  which  the  electro- 
depositor's  art  is  practised.  This  section  of  the 
work  is  -intended  to  serve  as  an  introductory 
lesson,  in  which  the  fundamental  laws  of  the 
science,  as  applicable  specially  to  the  production 
of  electrotypes,  are  laid  down  and  defined.  It  will 
well  repay  the  student  to  give  it  careful  attention, 
with  reference,  where  necessary,  to  works  on  elec- 
tricity ;  no  difficulty  will  afterwards  be  encoun- 
tered, because  the  remaining  chapters  refer  chiefly 
to  the  apparatus  and  manipulation  by  means  of 
which  these  primary  principles  are  utilised. 

A  condensed  outline  of  the  Art. — This  must  be 
accepted  merely  as  an  outline  sketch,  to  assist  the 
reader  to  a  more  intelligent  understanding  of  the 
principles  laid  down  further  on.  Let  us,  for  ex- 
ample, select  an  engraved  block  from  which  an 
electrotype  is  required.  The  block  is  first  rubbed 
gently  all  over  its  surface  with  finely  powdered 
plumbago,  which  gives  a  polish  and  prevents 
"  seizing "  in  the  moulding  process ;  and  it  is 
afterwards  blown  upon  with  the  breath  to  free  it 
from  dust.  A  frame  of  sufficient  size  is  now  filled 
up  level  with  a  hot  melted  mixture  of  the  following 
ingredients  : — Bees'-wax,  Venice  turpentine,  and 
blacklead.     This  is  to  form  the  mould,  which  is 
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placed  directly  over  the  wood  block  on  the  level 
table  of  a  press,  when  both  are  forced  together  with 
considerable  pressure.  A  little  care  will  now  enable 
the  mould  and  block  to  be  separated.  The  mould 
coniains  a  perfect  copy  of  the  block  reversed.  The 
next  process  has  for  its  object  the  provision  of  a 
conducting  surface  for  the  mould,  so  that  it  may 
conduct  the  current  of  electricity  sufficiently  well 
to  allow  of  deposition  being  proceeded  with.  This 
is  done  by  carefully  brushing  plumbago  over 
its  surface  with  soft  brushes  until  a  uniform 
polished  film  is  produced  ;  this  conducting  surface 
is  so  spread  as  to  allow  of  the  copper  being  de- 
posited all  over  the  mould.  Those  portions  which 
should  not  receive  a  deposit  are  "  blocked  out "  by 
varnish.  The  mould  is  now  hung  in  a  vessel 
containing"  an  acidulated  solution  of  sulphate  of 
copper.  A  wire  from  the  negative  pole  of  a  gal- 
vanic battery  is  attached  to  it,  while  the  positive 
pole  is  connected  with  a  copper  plate,  termed 
the  anode. 

Deposition  of  copper  upon  the  mould  immediately 
commences,  beginning  at  the  edges  and  advancing 
towards  the  centre.  When  a  sufficient  thickness  of 
"shell"  is  obtained,  which  may  take  a  few  days 
to  accomplish,  the  mould  is  removed,  heated,  and 
separated  from  the  "  shell."  The  surface  of  this 
electro-deposit  is  found  to  be  in  every  respect  a 
duplicate  of  the  original  block,  but  it  is  yet  too 
weak  for  printing  purposes.  It  is  tinned  and  backed 
with  a  layer  of  an  alloy  of  lead  and  tin,  squared, 
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planed  flat,  and  finally  mounted  upon  a  wooden 
block,  type  high.     It  may  now  be  printed  from. 

Such  is  the  mere  routine  of  the  process,  as 
applicable  to  common  wood  blocks,  which  would 
not  prove  of  material  assistance  to  the  reader 
were  he  to  try  the  experiment  and  ignore  the 
details  upon  which  the  success  of  the  operation 
mainly  depends. 

To  gain  a  mastery  over  the  principles  of  the  art, 
the  reader  must  devote  his  earnest  attention  to 
obtain  a  correct  understanding  of  the  action  electri- 
city exhibits  in  its  operation ;  he  should  also  be 
acquainted  with  the  best  methods  by  which  electri- 
city may  be  obtained  ;  and  must  particularly  be 
familiar  with  the  use  of  currents  and  the  mani- 
pulation of  galvanic  apparatus.  The  different 
processes  of  moulding  and  preparing  he  will  find 
comparatively  easy,  which  may  also  be  said  of  the 
final  preparatory  or  finishing  process.  Each  im- 
portant section  of  the  entire  process  will  be 
found  under  the  different  heads,  as  complete  as 
possible  in  itself,  the  more  important  being  dis- 
cussed first.  A  slight  knowledge  of  chemistry  on 
the  part  of  the  reader  will  prove  of  much  assist- 
ance. 

Nomenclature  of  the  Art.  —  The  fundamental 
principle  of  electro-deposition  may  be  laid  down 
as  follows : — ^When  a  current  of  electricity  passes 
through  a  solution,  as  of  cupric  sulphate,  it  pro- 
duces a  chemical  change;  the  solution  is  decomposed, 
and  the  copper  set  free.    This  will  be  more  fully 
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explained  hereafter ;  at  present  we  are  concerned 
with  the  terms  employed  to  indicate  the  nature  of 
the  conditions  necessary  in  electro-chemical  de- 
composition. The  nomenclature  Faraday  employed 
is  as  follows : — Electrolysis  (from  elektro7ty  and  lysiSy 
a  disengaging)  is  used  to  designate  that  branch  of 
electrical  science  which  treats  of  tjie  laws  ot 
electro-chemical  decomposition ;  it  includes,  of 
course,  the  science  of  electro-metallurgy.  A  sub- 
stance capable  of  being  decomposed  by  a  current 
of  electricity  is  called  an  Electrolyte  (that  which 
is  unbound  by  electricity).  The  poles,  or  wires 
and  plates,  by  which  the  current  enters  and  leaves 
the  solution  are  called  Electrodes  (from  hodoSy  a  way). 
The  positive  pole  (+),  or  that  by  which  the  cur- 
rent enters  the  solution,  is  termed  the  Anode  [ana^  up, 
and  hodos,  a  way).  The  negative  pole  (— ),  or  that  by 
which  the  current  leaves  the  solution,  is  called  the 
Cathode  [kata,  down,  and  hodos^  a  way).  The  elements 
of  the  solution  (electrolyte)  set  free  by  the  current 
are  termed  Ions  (from  ion^  going).  Those  of  the 
elements  which  appear  at  the  anode  are  called 
AnionSy  and  those  set  free  at  the  cathode  are  called 
Cations.  The  word  electrolyse  signifies  to  decom- 
pose by  means  of  a  current  of  electricity. 

The  Electric  Circuit. — Apart  from  any  knowledge 
of  the  battery  by  which  the  electric  current  is  pro- 
duced, it  should  be  clearly  established  in  the 
student's  mind  that  the  current  must,  from  its 
nature,  always  move  in  a  circuit ;  this  signifies  that 
no  electricity  can  pass  through   a  wire  or  other 
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conductor  which  does  not  offer  a  complete  and 
unbroken  path.  By  some  the  word  circuit  is  taken 
to  signify  that  electricity  which  leaves  a  battery 
must  always  have  a  path  provided  for  its  return  to 
the  battery.  The  fact  is,  that  no  electrical  effects 
can  be  obtained  in  a  circuit  which  is  incomplete. 

Conductors  and  Insulators. — The  properties  of  all 
classes  of  conductors  and  insulators  cannot  be  dis- 
cussed here,  so  that  we  may  select  those  employed 
in  the  art  of  electro-typing  for  special  treatment. 
All  metals  are  conductors  of  electricity.  Silver  offers 
least  resistance  to  the  passage  of  electricity,  and  is, 
therefore,  the  best  conductor.  Copper  is  the  next 
best  conductor,  and  is  universally  employed  for  lead- 
ing wires  from  the  battery  to  the  depositing  vessel. 
Most  solutions  and  acids  are  conductors,  but  cM&r  con- 
siderable resistance  to  the  current.  Acidulated  water 
conducts  better  than  pure  water.  Dry  wood,  glass, 
porcelain,  gutta-percha,  and,  indeed,  all  such  non- 
metallic  substances,  offer  such  high  resistance  to  the 
current  that  none  of  it  will  pass  ;  these  substances 
are  therefore  termed  insulators.  The  resistance  of  a 
conductor  to  the  current  varies  directly  as  its  length ; 
hence,  six  feet  of  a  particular  wire  will  offer  twice 
the  resistance  given  by  three  feet.  The  unit  of  re- 
sistance (by  which  it  is  measured)  may  be  roughly 
taken  as  about  equal  to  six  feet  of  No.  36  Birming- 
ham wire  gauge — ^pure  copper  wire — and  is  called 
the  Ohm,  from  Ohm,  the  German  physicist.  It  is 
further  spoken  of  in  the  section  devoted  to  Measure- 
ment. 
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Current  of  Electricity . — This  means  the  amount  or 
quantity  of  electricity  actually  supposed  to  be  pass- 
ing in  a  circuit.  It  implies,  in  fact,  the  working 
power  of  the  electric  influence,  or  its  power  to  deposit 
a  given  amount  of  copper  in  a  given  time.  A  weak 
current  may  deposit  copper  at  the  rate  of  five  grains 
per  hour  only.  A  strong  current  may  deposit  as 
many  ounces  in  the  same  time.  The  unit  of  current 
or  quantity  is  termed  the  Paradox  Weber  per  second. 
It  will  deposit  in  a  circuit  of  one  ohm  about  seven- 
teen grains  of  copper  per  hour.  It  is  also  known 
as  a  "  Veber." 

Electro-motive  Force. — The  electro-motive  force  of 
a  current  means  that  power  by  virtue  of  which  it 
can  surmount  resistance.  A  current  of  hw  electro- 
motive force  may  be  entirely  stopped  or  absorbed 
by  a  moderate  resistance.  A  current  of  high 
electro-motive  force  can  overcome  high  resistance, 
or  accomplish  work  in  such  a  circuit.  The  full 
meaning  of  the  term  will  be  better  understood  a 
little  further  on,  but  it  should  be  stated  here  that 
the  extent  of  the  electro-motive  force  or  tension  of  a 
current  depends  upon  the  chemical  affinity  between 
the  plates  and  solutions  of  the  battery,  and  also 
upon  the  difference  between  the  elements  of  the 
battery.  The  electro-motive  force  depends  to  a 
great  extent  upon  the  electrical  relationship  exist- 
ing between  the  plates.  Tables  of  the  electro- 
chemical series  are  to  be  found  in  most  text-books, 
but  they  generally  ignore  the  fact  that,  except 
in  dilute   acid,   the  relationships  are  apt    to    be 
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reversed.  The  following  list,  including  the  com- 
mon metals  likely  to  be  used  in  voltaic  cells,  exhibits 
the  most  electro-positive  elements  first,  and  the 
most  electro-negative  last.  Thus,  to  obtain  the 
most  powerful  electro-motive  force  the  first  and 
last  elements  should  be  combined  in  the  cell.  The 
further  they  are  apart  in  the  list  the  higher  the 
electro-motive  force.  The  unit  of  electro-motive 
force  is  called  a  Voli. 


Electro-Positive  +. 
Potassium 

Platinum 

Sodium 

Gold 

Magnesium 

Zinc 

Iron 

Hydrogen 
Antimony 
Carbon 

Aluminium 
Lead 

Phosphorus 
Iodine 

Tin 

Chlorine 

Bismuth 
Copp« 
Silver 
Mercury 

Nitrogen 
Sulphur 
Oxygen 
Electro-Negative    ■ 

Battery. — The  word  battery  here  signifies  that  ar- 
rangement which  in  a  circuit  gives  rise  to  a  current. 
It  is  the  generator  of  electricity,  and  is  variously 
styled  galvanic  and  voltaic  battery.  It  may  be  as- 
sumed for  the  present  to  be  the  only  generator  used ; 
its  various  forms  are  fully  described  in  Chap.  III. 

When  a  pair  of  plates  (of  copper  and  zinc),  not 
touching  one  another,  are  plunged  in  acidulated 
water,  bubbles  of  gas  arise  from  the  naked  surface 
of  the  zinc  plate.  When,  however,  the  plates  are 
connected  together  by  a  wire,  the  numerous  bubbles 
of  hydrogen  are  found  to  arise  from  the  copper 
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plate,  and  this  goes  on  until  the  wire  is  separated 
from  one  of  the  plates,  or  the  circuit  is  otherwise 
broken.  A  current  of  electricity  circulates,  in  fact, 
throughout  the  series.  While  the  action  lasts  the 
zinc  plate  is  being  slowly  dissolved,  but  the  copper 
plate  remains  unaffected. 

The  current  is  assumed  to  be  set  free  at  the  sur- 
face of  the  zinc  plate  ;  it  moves  through  the  liquid 
towards  the  copper  plate,  and  in  doing  so  sets 
the  hydrogen  gas  free  at  that 
plate.  The  oxygen  combines 
with  the  zinc  and  forms  sul- 
phate of  zinc.  The  course  of 
the  current  is  assumed  to 
be  —  starting  from  the  zinc 
plate,  it  passes  through  the 
liquid  to  the  copper  plate, 
and  from  its  extremity  by  the 
wire  to  the  zinc  plate  again 
(Fig.   I.)     If  the  wire  be   cut 

the  current  ceases  to  flow.     The  simple  VoUalc  Generator. 

zinc  plate,  being  the  active  element,  is  termed  the 
positive  plate  or  element  of  the  cell.  The  copper 
plate,  being  passive,  is  termed  the  negative  element. 
The  end  of  the  plate  at  which  the  current  leaves  the 
cell  is  called  the  positive  pole,  while  the  end  of  the 
plate  by  which  it  enters  is  termed  the  negative  pole. 
Thus  the  extremity  of  the  copper  plate  forms  the 
positive  pole,  while  the  zinc  forms  the  negative  one. 
Of  course  these  terms  apply  equally  to  any  wires 
attached  to  the  plates.     The  end  of  the  wire  from 
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the  copper  or  negative  plate  is  always  known  as 
the  positive  pole,  and  vice  versa. 

These  are  the  fundamental  principles  of  a  simple 
galvanic  cell ;  their  full  significance  must  be  sought 
in  text-books  of  electricity  devoted  mainly  to  the 
subject.  Enough  is  given  here  to  enable  the  reader 
to  understand  and  act  upon  that  which  follows. 

The  strength  of  current  given  by  a  zinc-copper 
cell  is  from  various  causes  low.  It  is  strong  at 
first,  but  the  rapid  covering  of  the  copper  plate  by 
bubbles  of  hydrogen  and  other  causes  soon  brings 
its  force  down  to  a  mere  fraction  of  the  first  rush. 
Various  other  generators  are  in  practical  use, 
which  yield  a  constant  and  powerful  current.  These 
will  be  found  described  under  the  heading  **  Source 
of  Electricity."  One  cell  is  a  rather  weak  arrange- 
ment. Two  or  more  cells  may  be  so  joined  to- 
gether as  to  act  in  concert.  When  we  have  more 
than  one  cell  the  arrangement  is  called  a  battery, 
but  the  word  battery  is  generally  used  through- 
out this  treatise,  although  one  cell  cannot  properly 
be  so  termed. 

The  way  in  which  cells  may  be  joined  together 
to  form  a  battery  will  be  found  described  under 
"  Source  of  Electricity,"  but  we  may  briefly 
examine  the  effect  of  connecting  two  cells  to- 
gether in  this  place.  When  the  zinc  of  one  cell 
is  connected  to  the  copper  of  another  cell,  they 
form  a  battery  of  two  cells.  The  electrodes  oi 
conductors  are  in  this  case  to  be  joined  to  the 
remaining  zinc  (negative)  and   copper  (positive) 
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poles.  The  wires  may  be  simply  soldered  to  the 
plates,  twisted  around  them,  or  fastened  in  binding 
screws  soldered  to  the  plates.  It  must  be  particu- 
larly observed  that  in  forming  any  electrical  connec- 
tions the  wire  extremities  should  be  perfectly  clean 
— a  coating  of  oxide  greatly  retards  the  current. 

When  the  two  cells  are  thus  connected  together 
it  is  said  that  they  are  joined  or  combined  for 
electro-motive  force,  because  both  their  electro- 
motive forces  are  added  together,  and  it  would  be 
found  that  two  cells  thus  connected  could  deposit 
copper,  or  do  other  work,  in  a  much  greater  resist- 
ance than  one  cell  could  overcome.  The  quantity 
of  electricity  actually  passing  will  remain  as  for 
one  cell,  but  the  power  to  push  that  quantity 
through  a  resisting  medium  has  been  doubled. 

Another  statement,  connected  with  these  cells, 
should  be  made  here ;  it  is  that  each  cell  offers  a 
given  resistance  to  its  own  current.  It  is  of  much 
importance  to  understand  this.  The  liquid  be- 
tween the  plates  is  but  a  poor  conductor,  and 
therefore  offers  resistance  to  the  passage  of  the 
electricity  given  off  at  the  zinc  plate.  This  resist- 
ance is  called  the  internal  resistance^  because  it  is 
within  the  cell,  and  not  between  its  poles  without. 
Every  cell  has  its  internal  resistance.  Two  cells 
added  together  present  a  double  measure  of  in- 
ternal resistance,  and  can  for  that  reason  give  a 
current  in  a  higher  resistance  than  one  cell.  When 
the  cell  is  small,  its  resistance  is  great,  but  dimi- 
nishes directly  as  its  size  is  increased.    Thus  a 
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cell  of  what  is  known  as  "  quart  size  "  will  present 
an  internal  resistance  twice  as  great  as  one  ol 
two-quart  size,  and  so  on.  The  current  will  also 
increase  in  proportion  in  an  interpolar  resistance 
equal  to  that  of  the  cell.  Hence,  to  obtain  the 
maximum  current,  or  effect,  a  cell  can  give,  the 
external  should  equal  the  internal  resistance. 

The  electro-motive  force  has  been  mentioned 
before,  but  it  remains  to  be  shown  that  it  is  not 
dependent  upon  the  size  di  cell.  A  pair  of  thin 
copper  and  zinc  wires  immersed  in  the  solution 
will  exhibit  the  same  electro-motive  force  as  a  fair  of 
plates  a  yard  square.  The  work  power  or  current 
will,  of  course,  be  very  different. 

Electrodes. — These  are  the  conductors  which  lead 
the  current  from  the  battery  to  the  depositing  vessel. 
The  positive  electrode,  as  has  been  explained,  is 
always  that  which  leads  from  the  negative  ^late  of 
the  battery.  It  is  the  conductor  which  leads  the 
current  into  the  depositing  vessel.  The  negative 
electrode  is  connected  to  the  positive  plate  of  the 
battery,  and  leads  the  current  from  the  depositing 
vessel  after  it  has  (it  may  be  said)  done  its  duty 
there.  These  conductors  should  always  be  of  stout 
copper  wire  or  of  strap  copper,  and  should  ordina- 
rily be  insulated,  or  covered  with  some  non-con- 
ducting material,  as  gutta-percha  or  tarred  twine. 

When  the  electrodes  are  metallically  touched 
together,  the  circuit  is  complete  through  them,  and 
it  will  be  found  that  a  magnetised  and  freely  hung 
parallel  needle,  brought  near  to  the  wire,  will  im- 
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mediately  tend  to  place  itself  across  the  wire.  This 
is  Oersted's  celebrated  discovery. 

The  wire  is  indeed  endowed  with  marvellous 
properties ;  wound  around  a  piece  of  iron,  it  causes 
it  to  instantly  become  powerfully  magnetic — this  is 
elcdro-magnettsm ;  it  ceases  and  begins  with  the 
current. 

When  the  current  exerts  no  effect  upon  outside 
bodies,  the  wire  and  battery  are  heated  by  its 
energy :  the  energy  of  the  current  must,  in  short, 
be  expended  upon  something — heating  the  circuit, 
creating  magnetism,  deflecting  needles,  decom- 
posing electrolytes.  Just  in  proportion  to  the 
amount  of  effect  the  current  exerts  outside  the 
battery  does  the  latter  become  less  and  less  heated. 
The  battery  is  simply  a  portion  of  the  circuity  and 
should  always  be  considered  in  that  light. 

The  Anode. — The  anode,  as  has  been  before  ex- 
plained, is  the  positive  pole  or  plate  by  which 
tne  current  enters  the  solution  to  be  decomposed 
by  it.  The  anode  employed  in  electro-typing  is 
always  of  copper  ;  it  is  a  plate  of  copper,  about  as 
large  as  the  electrotype  to  be  formed.  It  has  two 
chief  functions  :  it  leads  the  current  into  the  solu- 
tion, and  it  also  dissolves,  to  make  up  for  the  abstrac- 
tion of  copper  to  form  the  electrotype  or  deposit. 
It  may  thus  be  simply  said  that  the  anode  both 
serves  as  the  positive  pole  and  keeps  the  solution 
in  working  condition. 

The  Electrolyte. — This  is  the  solution  from  which 
the  electrotype  is  deposited.     It  must  be  composed 
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of  at  least  one  conductor  and  one  non-conductor ; 
two  non-conductors  or  two  conductors  together,  as 
an  electrolyte,  will  not  be  decomposed  by  the  cur- 
rent ;  in  our  case  it  is  a  solution  of  cupric  sulphate, 
acidulated  with  a  little  sulphuric  acid.  It  is  con- 
tained by  a  vessel  or  vat,  called  the  depositing  vat. 
When  the  copper  is  set  free  from  this  solution,  and 
made  to  adhere  to  the  cathode,  it  is  said  to  be 
deposited.    The  deposit  is  thus  the  electrotype. 

When  a  current  of  electricity  is  made  to  pass 
through  the  electrolyte,  the  real  work  done  is  as 
follows  : — The  components  of  the  electrolyte  are 
resolved  into  two  distinct  groups — electro-negative 
elements  (such  as  acids  and  metalloids),  which 
move  towards  the  anode;  and  electro-positive 
elements  (such  as  metals  and  alkalies),  which  move 
towards  the  negative  plate.  In  plainer  words,  the 
sulphuric  acid  of  the  sulphate  of  copper  moves 
towards,  and  combines  with,  the  anode,  dissolving 
it  and  forming  fresh  sulphate  of  copper ;  the  copper 
thus  set  free  appears  at  the  negative  plate  or 
cathode,  and  adheres  to  it. 

Strictly  speaking,  the  atoms  mentioned  cannot 
be  said  to  move  towards  the  plates ;  the  real  action 
consists  of  a  series  of  interchanges^  forming  a  molecU' 
lar  chain  from  one  plate  to  the  other,  and  the  force 
necessary  to  set  all  the  molecules  composing  the 
chain  in  motion  forms  the  resistance  of  the  electro- 
lyte— thus  the  longer  the  chain  the  greater  the  resist- 
ance. The  ultimate  liberation  of  the  components 
does  not  take  place  in  the  body  of  the  solution,  but 
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at  the  surfaces  of  the  plates.  The  whole  action  is 
(electrically)  but  another  phase  of  the  well-known 
and  oft-repeated  law  that  positive  repels  positive, 
but  attracts  negative;  and  negative  repels  negative, 
but  attracts  positive.  If,  after  the  cathode  has 
received  a  deposit  of  copper,  and  the  anode  is 
proportionately  dissolved,  we  reverse  the  direction 
of  the  current  through  the  solution,  the  whole  action 
is  repeated  at  reverse  ends  of  the  vessel.  Thus 
the  cathode  now  acts  as  an  anode,  and  the  anode 
as  a  cathode ;  the  result  is  that  the  cathode  loses 
its  deposit,  while  the  anode  regains  it.  This  has 
reference  to  a  reversal  of  current,  which  is  apt  to 
take  place,  and  which  is  discussed  further  on. 

Several  distinct  phases  of  current  work  in  the 
electrolyte  are  discussed  under  the  separate  heads 
succeeding  the  following  paragraph  : — 

The  Cathode. — This  is  the  plate  which  receives 
the  deposit  in  the  solution,  or  at  which  the  electro- 
positive components  appear.  The  cathode  in 
electro-typing  practice  is  the  mould  upon  which 
the  copper  is  deposited.  It  must  always  be  re- 
membered that  the  cathode  is  connected  to  the 
negative  pole  (zinc  plate)  of  the  battery.  As  the 
mould  to  be  deposited  upon  is  usually  of  some  non- 
conducting substance,  such  as  wax  or  gutta-percha, 
it  must  receive  a  conducting  surf  ace.  The  substances 
best  adapted  to  this  purpose  are  plumbago  and 
nitrate  of  silver.  Plumbago  of  the  first  quality  is  a 
good  conductor  of  the  current ;  it  is  reduced  to  an 
impalpable   powder,  and  carefully  brushed  upon 
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the  mould  until  the  surface  presents  a  uniformly 
coated  appearance,  when  all  excess  of  the  powder 
is  blown  away  :  an  apparatus  known  as  the  black- 
leading  machine  is  used  for  this  purpose.  The 
mould,  when  its  lines  are  very  delicate,  is  usually 
coated  with  precipitated  silver,  which  forms  an  ex- 
cellent conductor.  The  connection  to  the  mould  is 
either  obtained  by  bedding  a  wire  in  it  direct,  or 
the  mould  is  made  in  a  metallic  frame,  to  which 
the  wire  is  connected. 

Minor  Effects  of  the  Current  on  the  Electrolyte. — 
The  solution  is  always  raised  in  temperature  by 
the  current,  according  to  the  resistance  offered  by 
the  conducting  component.  The  chemical  action, 
apart  from  the  power  of  the  current,  consists  chiefly 
in  the  formation  of  cupric  sulphate  by  reason  of 
the  sulphuric  acid  being  liberated  directly  at  the 
surface  of  the  copper  anode.  Neither  of  the  gases, 
oxygen  or  hydrogen,  is  set  free  under  ordinary 
conditions.  If  gas  should  appear  arising  from  the 
plates,  it  is  an  indication  that  the  current  is  too 
strong. 

The  depositing  vessel  offers  a  counter  force  to 
the  current ;  it  acts,  in  fact,  as  a  kind  of  condenser 
of  force,  which  may  be  simply  proved  by  including 
a  galvanometer  in  the  circuit  and  suddenly  with- 
drawing the  battery,  either  by  cutting  it  out  of 
circuit  by  means  of  a  loop  wire,  or  by  opening  the 
circuit  and  reclosing  it,  leaving  out  the  battery. 
A  counter  rush  of  current  will  mark  the  truth 
above  enunciated.     If  this  counter  strain,  which  is 
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constant,  and  depends  upon  the  materials  in  the 
cell,  be  greater  than  the  electro-motive  force  of 
the  battery,  no  work  will  be  done  in  the  depositing 
vessel.  This  counter  force  may  be  due  to  two 
causes :  it  may  be  partly  caused  by  the  condensing 
action  of  the  molecules,  or  by  a  phenomenon 
generally  called  polarization^  which  may  be  ob- 
served as  follows  : — An  amalgamated  zinc  plate, 
and  a  smooth,  clean,  copper  plate,  when  plunged 
in  acidulated  water  and  connected  together,  form 
a  single  voltaic  cell,  and  it  will  be  observed  that 
the  hydrogen  gas  given  off  by  the  copper  plate 
exhibits  a  tendency  to  cling  to  it ;  before  the  plate 
is  quite  "  polarized,"  or  covered  with  a  film  of 
gas,  the  cell  has  practically  ceased  to  act ;  this  is 
due  to  the  counter  force  offered  by  the  electrified 
hydrogen.  The  phenomenon  of  polarization  is 
often  erroneously  supposed  to  be  due  to  the  plate 
itself. 

Polarization^  however,  is  much  more  troublesome 
in  the  battery  than  in  the  depositing  cell.  When 
the  copper  plate  of  a  battery  cell  is  covered  with 
a  granular  coating  of  copper  the  gas  is  allowed 
to  escape  with  greater  effect,  and  the  cell  gives  a 
more  regular  current.  In  Sraee's  battery,  silver 
plates,  coated  with  a  granular  layer  of  platinum, 
are  employed  with  very  good  results. 

Among  the  minor  effects  of  the  current  or  chemi- 
cal action  in  the  solution  may  be  noted  the  pecu- 
liar movements  which  are  observed  to  take  place 
in  the  liquid.  When  the  current  is  passing  through 
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the  solution,  that  portion  of  the  liquid  in  immediate 
contact  with  the  anode  becomes  heavier  than  the 
surrounding  liquid,  by  reason  of  the  continual 
addition  to  it  of  fresh  cupric  sulphate  off  the 
anode.  The  result  is  that  it  sinks,  and  produces 
in  time  a  heavier  stratum  of  liquid  at  the  bottom 
of  the  cell.  But  the  liquid  around  the  cathode 
becomes,  for  the  reverse  reason,  light,  and  rises  to 
the  surface,  so  that  the  result  is  a  continual  redistri- 
bution of  the  electrolyte.  It  is  for  this  reason,  also, 
that  the  solution  is  seldom  stirred,  or  needs  to  be 
remixed. 

Decomposition  of  Different  Solutions. — Electrolytes 
are  decomposed  and  their  metals  set  free  in  the 
proportion  of  their  atomic  weights,  or  multiples  of 
these  weights ;  or,  in  other  words,  those  substances 
which  are  set  free  with  the  least  expenditure  of 
energy  are  most  easily  decomposed,  and  are 
always  decomposed  first  when  in  company  with 
others  of  a  different  nature. 

This  law  can  be  worked  out  for  all  the  metals  by 
ascertaining  their  atomic  weight,  and  dividing 
that  by  the  corresponding  valency,  which  will  give 
the  electric  equivalent  required,  thus  : — 

Atomic  weight        _,    .  .  .    ,     . 
■    — ~ —  =  Electnc  equivalent ; 

or,  for  copper,  we  may  take  the  same  formula, 

or,  for  silver, 

i2?  =  io8. 
I 
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Hence,  a  current  that  will  deposit  one  electric 
equivalent  of  copper  (3175  parts)  will  in  the  same 
time  set  free  one  equivalent  (197)  of  gold  and  one 
of  silver  (108).  We  can,  therefore,  give  to  each 
element  its  value  electrically,  and  find  by  the  above 
process  its  relation  to  other  elements. 

As  iron  is  employed  in  electro-typing,  it  may  be 
of  use  to  give  its  electric  equivalent  here,  28*, 
which  shows  that  a  given  weight  of  iron  is  not  so 
quickly  obtained  with  a  given  current  as  a  given 
weight  of  copper.  This  teaches  that  the  law  of 
definite  electro-chemical  action  is  based  upon  the 
electric  equivalent,  and  space  need  not  be  occupied 
in  giving  lists  of  figures,  which  can  be  readily 
worked  out. 

Relation  of  Current  to  Work. — When  a  solution 
of  cupric  sulphate  is  subjected  to  the  action  of  a 
current,  the  metal  is  reduced  upon  the  cathode, 
but  not  always  as  a  tough  and  malleable  coating. 
A  piece  of  bright  steel  dipped  into  the  solution 
will  receive  a  red  coat  of  copper,  but  a  piece  of 
zinc  will  cause  the  metal  to  be  precipitated  as  a 
black  powder.  These  actions,  first  discussed  by 
Alfred  Smee,  F.R.S.,  are  very  instructive,  because 
the  same  effects  can  be  produced  by  means  of  a 
current  derived  from  a  battery. 

When  a  weak  current  of  electricity  is  passed 
through  the  depositing  solution,  we  obtain  a  coat- 
ing of  copper  upon  the  cathode,  but  it  proves  to 
be  of  a  highly  crystalline  and  brittle  nature,  and, 
therefore,  useless.    When  a  strong  current  is  so 
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passed,  the  metal  is  deposited  in  a  state  ol  black 
granules,  loose,  and  lacking  both  adherence  and 
cohesion.  When  a  medium  current  is  tried,  the 
metal  is  deposited  in  the  tough  malleable  (some- 
times termed  **  reguline ")  state  required.  The 
weak  current  may  be  represented  by  a  small  and 
feeble  cell,  the  strong  current  by  a  large  battery, 
and  the  medium  current  by  a  pair  of  ordinary  cells. 
But  the  range  within  which  good  metal  can  be 
obtained  is  considerable. 

The  same  effects  can  also  be  obtained  with  a 
given  current  in  different  solutions.  Thus,  if  we 
employ  a  saturated  solution,  the  copper  will  be 
crystalline.  If  we  dilute  the  solution  with  from 
two  to  four  times  its  bulk  of  water,  the  metal  is 
deposited  in  the  malleable  state,  and  if  we  dilute 
still  further,  we  obtain  granular  deposits  of  copper. 

From  these  facts  the  conclusion  that  the  deposit 
depends  for  its  quality  both  upon  the  solution 
and  upon  the  current  must  be  drawn  and  remem- 
bered. 

With  a  weak  solution  and  strong  current  a  black 
deposit  will  be  given  when  hydrogen  appears  at 
the  negative  plate  (cathode).  Crystalline  deposits 
are  obtained  when  the  current  is  weak  and  the 
solution  strong. 

The  best  working  condition  is  that  which  ex- 
hibits a  strong  tendency  to  produce  gas  at  the 
cathode,  in  a  strong  solution.  The  anode  and 
cathode  should  have  equal  surfaces. 

Effects  of  Large  and  Small  Electrodes, — ^Taking  a 
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given  current  of  suitable  electro-motive  force  (call 
it,  according  to  the  unit,  2  webers  per  second},  we 
can  deposit,  say,  40  grains  of  copper  per  hour. 
Now  this  is  the  law  to  which  we  must  attach  most 
importance.  This  weight  of  copper  will  be 
deposited  irrespective  of  the  size  of  the  cathode.  On 
a  wire  it  would  form  a  thick  coating,  but  we  should 
obtain  the  required  40  grains  per  hour.  On  a  plate 
it  might  be  a  coating  thinner  than  tissue-paper, 
but  40  grains  per  hour  would  be  given.  Very  little 
more  need  be  said  upon  this  point,  but  it  is  a  law 
which  would  appear  to  give  much  trouble  to  electro- 
depositors  to  thoroughly  apprehend,  and  is  nowhere 
clearly  explained  in  the  earlier  treatises  on  electro- 
metallurgy. 

When  the  anode  is  made  too  small,  the  resistance 
of  the  bath  (solution)  is  thereby  increased,  and  an 
insufficiency  of  copper  is  dissolved  off.  When  it  is 
made  too  large  the  resistance  is  diminished,  but 
too  much  copper  is  dissolved  off.  Therefore,  except 
in  cases  where  there  is  an  excess  of  cupric  sulphate 
in  solution,  or  a  deficiency,  the  anode  should  not 
be  smaller  or  larger  than  the  cathode. 

Resistance  of  the  Solution. — A  saturated  solution 
of  cupric  sulphate  offers  great  resistance  to  the 
current;  area  for  area,  it  is  as  16,855,520  compared 
with  I  for  pure  copper — thus  a  cylindrical  body  of  the 
solution  I  inch  in  diameter  and  i  foot  long  would 
offer  the  above  enormous  resistance,  if  a  similar 
body  of  pure  copper  offered  a  resistance  of .  i .  The 
addition  of  a  little  sulphuric  acid  increases  the 
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conductivity  of  the  solution,  as  does  also  an  increase 
of  temperature.  The  great  area  of  the  solution  pro- 
vided in  the  vat,  however,  compensates  for  its  low 
specific  conductivity,  by  affording  a  vast  number  of 
paths  throughout  which  the  current  may  divide  its 
passage.  A  resistance  of  from  i  to  5  ohms  (p.  8) 
is  usually  offered  by  the  space  between  the  plates 
(anode  and  cathode).  When  the  plates  are  large 
they  may  be  separated  to  a  greater  distance  than 
when  they  are  small,  because  the  area  of  liquid 
covered  is  greater  in  the  first  case. 

When  the  current  is  too  strong,  and  gives  a  black 
deposit,  it  will  yield  good  malleable  metal  if  the 
anode  and  cathode  are  taken  further  apart,  because 
the  resistance  between  them  will  be  augmented, 
and  will  absorb  the  excess  of  current,  but  this  method 
of  working  is  wasteful;  it  is  much  more  economical 
to  diminish  the  expenditure  of  zinc  in  the  battery, 
and  so  reduce  the  current  at  its  source,  as  explained 
under  The  Depositing  Process y  p.  190.  When  the 
current  is  too  weak,  and  yields  a  crystalline,  pale 
deposit,  it  may  be  strengthened  by  placing  the 
plates  nearer  to  each  other.  For  perfectly  flat 
plates,  up  to  6  inches  square,  the  distance  between 
anode  and  cathode  should  never  be  less  than  2 
inches. 

Simple  Immersion  Deposit. — ^When  iron,  steel, 
tin,  lead,  and  type-metal  are  simply  dipped  into 
a  solution  of  cupric  sulphate  they  receive  a  coating 
of  copper ;  a  simple  voltaic  tendency  is,  in  fact,  set 
up  by  the  partial  decomposition  of  the  liquid,  and 
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a  thin  coating  of  the  metal,  sufficient  only  to  per- 
fectly cover  the  surface,  is  deposited.  Thus  simple 
immersion  deposits  are  almost  always  exceedingly 
thin.  Metals  that  coat  themselves  by  decomposing 
the  sulphate  of  copper  solution  cannot  be  coated  by 
a  battery  current  in  that  solution  ;  therefore  an 
alkaline  mixture,  such  as  copper  dissolved  in 
cyanide  of  potassium,  in  which  these  metals  will 
not  coat  themselves,  is  employed. 

Single  Cell  Depositing  Apparatus. — This  was  the 
apparatus  first  employed  in  the  deposition  of  elec- 
trotypes, and  it  is  even  yet  in  use  for  small  work, 
although  greatly  inferior  to  the  separate  current 
process.  It  consists  simply  of  an  outer  vessel 
of  stoneware  or  glass  if  small,  and  of  wood  coated 
within  with  gutta-percha  if  large.  A  convenient 
size  for  experiments  is  a  cylindrical  vessel  contain- 
ing about  two  quarts.  An  inner  vessel,  of  porous 
earthenware,  is  also  employed ;  it  should  be  about 
half  the  diameter  of  the  outer  cell,  and  a  little 
higher.  These  porous  earthenware  vessels  serve 
the  purpose  of  diaphragms  for  separating  two 
liquids,  but  allowing  the  current  to  pass ;  they  used 
to  be  made  of  various  materials,  including  wood : 
a  brown-paper  cell  maybe  employed  for  temporary 
work.  Full  information  concerning  these  cells  is 
given  in  Chapter  III.  To  complete  the  apparatus, 
a  rod  or  plate  of  zinc,  amalgamated  (p.  57),  is  pro- 
vided, with  a  wire  cast  into  its  upper  extremity. 
This  zinc  rod  is  placed  in  the  porous  cell,  in  water 
slightly  acidulated  with  sulphuric  acid.    The  outei; 
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vessel  is  nearly  filled  with  a  solution  of  crystals  of 
sulphate  of  copper  (the  sulphate  may  be  dissolved 
in  warm  water),  Fig.  2. 

If  the  end  of  the  wire  attached  to  the  zinc  is 
dipped  into  the  solution,  the  action  immediately 
commences,  and  copper  begins  to  be  deposited  upon 
its  extremity.  In  a  short  time  a  knob  of  pure 
copper  will  be  found  attached  to  the  wire.  If  the 
copper  appear  dark,  the  current  may  be  assumed 
to  be  too  strong,  and  the  zinc  may  be  raised  a 
little,  or  the  wire's  extremity  may 
be  placed  further  away  from  the 
porous  cell.  If  the  copper  deposit 
appear  pale  and  crystalline,  the 
wire  should  be  brought  nearer  to 
the  cell,  or  the  current  should  be 
strengthened  by  adding  a  few  more 
drops  of  acid  to  the  contents  of 
the  porous  compartment  But  the 
copper  may  be  deposited  upon  a 
flat  plate,  a  ball,  or  upon  atiy  con- 
ceivable shape  of  cathode.  A  deposit  thrown  upon 
a  medal  or  coin  will,  when  chipped  off,  exhibit  the 
marvellous  accuracy  of  the  electrotype. 

A  copy  of  a  coin  or  medal  taken  on  gutta-percha 
or  wax,  while  warm,  and  well  blackleaded,  can  be 
connected  to  the  wire  by  heating  the  latter  and 
pressing  its  extremity  into  the  mould  at  the  back ; 
the  blacklead  must,  of  course,  conduct  up  to  and 
upon  a  portion  of  the  wire,  otherwise  the  circuit 
will  prove  incomplete.    The  copper  will  be  thrown 


Fig.  2.  —  Single-cell 
Depositing  Ap- 
paratus, 
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upon  this  mould,  commencing'  at  the  extremity  of 
the  wire,  and  gradually  spreading  over  the  face  of 
the  mould.  In  a  day  or  two  the  copper  will  be 
thick  enough  to  stand  being  withdrawn,  after 
gentle  heating.  It  will  be  found  to  be  in  every 
respect  an  accurate  copy  of  the  original  as  far  as 
the  moulding  extends. 

But  these  processes  are  fully  described  in  Chap- 
ters VI.,  VII.,  and  VIII. ;  they  are  mentioned  here 
to  furnish  a  definite  idea  of  the  method  by  which 
an  electrotype  can  be  produced,  and  not  to  give 
practical  instruction  in  the  art.  The  whole  arrange- 
ment employed  to  illustrate  the  single-cell  method 
forms  a  galvanic  pair,  the  zinc,  as  usual,  being  the 
positive  element,  and  the  mould  the  negative.  The 
current  arising  from  the  surface  of  the  zinc  forces 
its  way  through  the  porous  division,  decomposes 
the  copper  solution,  and  sets  the  metal  free  upon 
the  wire  and  mould. 

Methods  of  Making  the  Solution. — The  ordinary 
electrotype  solution  for  the  single -cell  process 
consists  simply  of  cupric  sulphate  crystals  (p.  31) 
dissolved  to  saturation  (until  the  liquid  ceases  to 
dissolve)  in  warm  or  cold  water.  It  should  be  kept 
in  this  saturated  condition,  as  the  copper  is 
abstracted,  by  adding  crystals. 

The  solution  for  separate  current  methods  consists 
of  a  saturated  mixture  as  above,  with  one-fifth  of 
water,  acidulated  with  one-tenth  its  weight  of  sul- 
phuric acid  added. 

These  solutions  may  be  made  by  passing  a  cur- 
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rent  from  a  copper  anode  to  a  copper  cathode 
through  a  mixture  of  sulphuric  acid  and  water. 
This  is  known  as  the  battery  process ;  it  is  more 
expensive  than  the  ordinary  method,  and  has  no 
compensating  advantages. 

Separate  Current  Process. — ^This  is  the  method 
alluded  to  throughout  the  foregoing  instructions. 
It  consists  in  the  employment  of  a  voltaic  cell  or 
battery,  a  thermo-electric  pile  or  dynamo-electric 
machine  as  the  source  of  electricity.  The  vessel  in 
which  the  deposit  is  obtained  is  usually  a  vat, 
properly  prepared,  and  fitted  with  metallic  rods 
and  screws  for  hanging  the  anode  and  cathode, 
besides  securing  the  ends  of  the  wires  from  the 
battery  or  other  source  of  current.  The  mould, 
being  properly  faced  and  connected,  is  slung  upon 
the  negative  rod  or  pole  of  the  battery  (connected 
to  the  zinc  plate).  The  anode,  a  plate  of  copper, 
is  connected  with  the  positive  pole ;  both  hang 
beneath  the  surface  of  the  solution  at  such  a 
distance  apart  as  may  suit  the  strength  of  current 
passing.  The  copper  is  deposited,  at  first  slowly, 
around  the  connection,  from  which  it  creeps  all 
round  the  edges  and  over  the  entire  surface  of  the 
cathode. 

This  is  the  process  as  applicable  to  flat  plates 
only.  When  the  objects  (cathodes)  are  round,  or 
w^hen  they  must  be  deposited  upon  from  the  interior 
of  a  mould,  different  arrangements  are  adopted,  but 
the  actual  process  is  the  same.  The  details  are 
sometimes  complicated  to  the  extent  of  employing 
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twelve  or  more  anodes,  and  numerous  **  leading- 
wires,"  as  the  cathode  wires  are  termed.  These 
details,  upon  which  so  much  depends,  should  be 
separately  studied  under  the  different  heads  in  the 
following  chapters. 

Compound  Vessel  Process. — This  process  of  de- 
positing the  copper  consists  in  the  use  of  a  long 
trough  depositing  cell,  divided  into  a  number  of 
distinct  and  separate  compartments.  Each  com- 
partment contains  a  copper  anode.  The  object  is 
to  obtain  a  number  of  separate  electrotypes  at  one 
operation ;  with  a  view  to  this,  each  compartment 
also  contains  a  mould  to  be  copied.  One  battery 
or  cell  is  employed  to  work  the  whole  arrange- 
ment, the  conducting  connections  being  as  fol- 
lows : — ^The  positive  pole  of  the  electric  source  is 
attached  to  the  first  anode ;  the  same  compart- 
ment contains  a  mould  or  cathode,  which  is  con- 
nected to  the  succeeding  anode;  in  this  way  the 
second  cathode  is  connected  to  the  anode  in  the 
next  cell,  and  so  on  to  the  end  of  the  series,  when 
the  remaining  mould  is  connected  with  the  negative 
pole  of  the  battery. 

This  arrangement  cannot  be  said  to  possess  any 
noteworthy  points  of  advantage.  The  original  idea 
attaching  to  it  was  that,  by  the  expenditure  of  one 
equivalent  of  zinc  and  acid  in  the  battery,  one 
equivalent  of  copper  would  be  secured  at  each 
cathode  throughout  the  compound  depositing  cell, 
but  the  mere  fact  that  the  resistance  increases  in 
direct  ratio  with  the  number  of  cathodes  exposes 
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the  absurdity  of  this  expectation.  And,  moreover, 
the  equivalent  of  copper  would  be  deposited  not  in 
whole  at  each  cathode,  but  would  be  distributed 
equally  between  them.  Hence,  a  number  of  electro- 
types, to  be  done  at  one  operation,  should  be  slung 
upon  a  common  rod,  and  exposed  in  the  solution 
before  a  large  anode.  The  current  will  thus  be 
more  evenly  distributed  between  them,  and  the 
resistance  will  prove  much  smaller. 

The  Galvanometer. — ^The  construction  and  use  of 
the  galvanometer  are  described  at  p.  92.  This 
instrument,  although  not  at  first  much  used  by 
electrotypers,  should  be  perfectly  understood  by 
them  and  constantly  at  hand.  Its  function  is  to 
detect  a  current  and  measure  its  strength.  Rule-of- 
thumb  work,  in  which  no  galvanometer  or  other 
instrument  is  ever  employed  to  inform  the  operator 
as  to  the  magnitude  of  his  currents  or  resistances, 
is  surely  contemptible  enough  in  the  face  of  the 
fact  that  a  fraction  of  the  skill  and  intelligence 
displayed  by  its  votaries  would  make  them  masters 
of  both  principles  and  galvanometers. 


CHAPTER  IT. 

Metals  used  by  the  Electrotyper. 

The  two  chief  metals  employed  in  the  practice  of 
electro-typing  are  copper  and  iron ;  the  former  is 
universally  used  for  the  body  of  the  electrotype, 
and  the  latter  is  superficially  deposited  upon  the 
better  class  of  printing  surfaces  produced  by 
electro -deposition,  with  the  effect  of  rendering 
them  more  durable.     (See  p.  2.) 

Copper. — Pure  copper  possesses  a  beautiful  red 
colour  ;  it  is  moderately  hard,  but  tough  and  malle- 
able. Symbolically  it  is  represented  in  chemical 
formulae  by  Cu ;  electrical  equivalent,  3 175; 
atomic  weight,  63*5  ;  specific  gravity,  8*9.  Copper 
is,  next  to  silver,  the  best  known  conductor  of 
electricity;  Dr.  Matthiessen  gives  its  conductive 
power  as  99*9,  as  compared  with  100  for  silver. 
This  metal  is,  therefore,  admirably  adapted  for  the 
purpose  of  making  electrodes,  and  also  for  hooks 
and  rods,  which,  with  screws,  form  the  fittings  of 
an  electro-typing  vat. 

Salts  of  Copper. — The  ordinary  salts  of  copper 
are  the  sulphate,  commonly  called  blue  vitriol; 
the  nitrate ;  the  chloride ;  the  suboxide ;  the  pro- 
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toxide,  acetate,  and  cyanide.  The  sulphate  is  the 
compound  of  copper  most  extensively  used.  It 
may  be  made  by  heating  chips  of  copper  in  sul- 
phuric acid  until  the  compound  is  nearly  dry, 
washing  the  product  in  boiling  water,  and  evapo- 
rating and  crystallizing  the  solution  so  obtained 
after  filtration.  But  it  is  usually  more  economical 
to  purchase  the  salt.  Its  price  varies  from  five- 
pence  to  sixpence  per  pound.  When  the  salt  is 
pure  it  presents  the  appearance  of  large  crystals 
of  a  deep  blue  colour.  An  admixture  of  green 
indicates  the  presence  of  iron,  which  must  be 
avoided  with  much  care.  The  following  test  will 
render  the  presence  of  even  minute  quantities  of 
iron  manifest : — Dissolve  a  sample  of  the  salt  in 
distilled  water,  and  add  ammonia  with  stirring 
until  the  blue  precipitate  obtained  is  redissolved. 
Allow  it  to  stand  some  time,  and  pour  off  the 
clear  portion  of  the  liquid.  Pour  a  large  quantity 
of  distilled  water  on  the  residue,  and  allow  it  again 
to  settle.  If  iron  be  present,  it  will  appear  as  a 
reddish  powder  in  the  lower  part  of  the  liquid. 
From  the  sulphate  some  of  the  other  salts  of  copper 
may  be  prepared. 

Nitrate  of  copper  may  be  conveniently  made  by 
dissolving  copper,  in  chips,  in  nitric  acid,  and 
evaporating  and  crystallizing  the  solution. 

Chloride  of  copper  may  be  made  by  dissolving 
the  metal  in  aqua  regia  (a  mixture  of  one  volume 
of  nitric  acid  in  two  and  a  half  of  hydrochloric 
acid),  and  treating  the  solution  as  before. 
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Acetate  of  copper  is  known  in  commerce  as 
crystallized  verdigris,  and  is  so  cheap  that  it  seldom 
pays  to  make  it  at  home. 

Cyanide  of  copper  is  a  salt  of  considerable  im- 
portance to  the  electro-depositor ;  it  may  be 
made  as  follows  : — To  a  solution  of  copper  sul- 
phate add,  with  agitation,  a  solution  of  cyanide  of 
potassium  until  a  precipitate  ceases  to  fall.  The 
operation  must  not  be  carried  beyond  this  stage, 
otherwise  the  precipitate  will  be  redissolved. 
Allow  the  precipitate  to  settle  and  pour  off  the 
liquid  portion ;  wash  the  precipitate  once  or  twice 
and  filter.  The  resulting  salt  has  a  pale  green 
aspect,  and  is  highly  poisonous ;  the  operation  is 
also  somewhat  dangerous  unless  conducted  in  free 
air  or  in  a  draught-chamber  :  both  solutions  should 
be  cold. 

Electrolytic  relations  of  Copper. — In  a  saturated 
solution  of  ammonia  copper  is  electro-positive  to 
iron,  and  the  tendency  is  powerfully  augmented 
if  a  solution  of  sulphide  of  ammonium  be  substi- 
tuted for  the  simpler  liquid.  In  a  solution  of  oxide 
of  copper  in  liquid  ammonia,  or  in  a  saturated 
solution  of  ferrocyanide  of  potassium,  it  is  posi- 
tive to  iron,  but  only  for  a  short  time  —  it  then 
becomes  negative.  In  a  saturated  solution  of  bi- 
chromate of  potassium,  or  a  strong  aqueous  one  of 
sulphide  of  potassium,  it  is  increasingly  positive  up 
to  the  point  of  boiling.  This  last  liquid  has  a 
similar  effect  on  brass  (Gore). 

Electrolysis  of  Copper  Salts. — It  is  found  that  a 


34  ELECTRO-TYPING. 

solution  of  chloride  of  copper  is  not  so  readily  de- 
composed by  the  electric  current  as  one  of  the 
nitrate,  but  more  readily  than  the  sulphate ; 
chloride  of  copper  is,  moreover,  one  of  the  most 
difficult  liquids  to  deposit  copper  from,  and  the 
metal  is  apt  to  assume  a  spongy  form.  The  same 
fault  applies  to  the  acetate  and  hyposulphite,  and 
they  all  need  a  strong  current  to  effect  their  decom- 
position. 

Immersion  Deposition  of  Copper. — Iron,  lead,  tin 
and  zinc  become  very  slightly  corroded  in  a  solu- 
tion of  sulphate  of  copper,  and  consequently  receive 
a  thin  coating  of  the  metal;  but  antimony,  bis- 
muth, copper,  nickel,  silver,  platinum  and  gold  are 
not  acted  upon  and  receive  no  deposit.  The 
reverse  holds  true  on  passing  a  current,  for  then 
the  first  class  of  metals  cannot  receive  an  adhesive 
deposit,  while  the  second  class  receive  an  adhesive 
deposit  of  any  desired  thickness. 

The  slight  coating  of  copper  secured  by  iron 
and  steel  upon  simple  immersion  in  a  solution  of 
copper  sulphate  has  very  wide  practical  applica- 
tions. An  appearance  of  copper  is  thus  imparted 
to  vast  quantities  of  iron  and  steel  goods,  while  in 
other  instances  the  initial  coating  serves  as  a  good 
base  upon  which  gold  or  silver  may  be  deposited 
to  any  required  thickness  by  the  separate  current 
process.  A  solution  suited  to  the  coating  of  cleansed 
steel  and  iron  articles  may  be  made  by  mixing 
three  quarts  of  water  with  one  of  hydrochloric  acid 
and  one  ounce  of  solution  of  copper  sulphate,    The 
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objects  should  be  immersed  and  removed  and 
washed  several  times  during  the  operation. 

The  Single  Cell  Process. — As  explained  at  p.  25, 
copper  may  be  deposited  upon  any  suitable  sur- 
face by  the  single  cell  process.  A  saturated 
solution  of  sulphate  of  copper  is  well  suited  for 
use  in  such  combinations,  and  the  copper  yielded, 
under  favourable  conditions,  is  always  of  very  fine 
quality  and  texture.  The  sulphate  solution  may 
be  employed  to  deposit  copper  upon  any  of  the 
metals  that  do  not  decompose  it. 

Quality  of  Deposited  Copper, — Deposited  copper  is 
not  necessarily  pure ;  zinc  is  very  often  thrown 
down  with  it,  and  other  metals,  according  to  the 
current  passing.  From  a  solution  of  the  pure  salts, 
however,  copper  may,  especially  by  the  single  cell 
method,  be  obtained  absolutely  pure. 

When  the  current  is  too  strong,  the  copper  has  a 
tendency  to  be  porous  and  rotten,  or  to  be  de- 
posited in  the  form  of  coarse  grains.  When  the 
current  is  too  feeble,  a  crystalline  deposit  is  ob- 
tained, which  is  both  hard  and  brittle.  Tough  mal- 
leable copper,  in  the  "  reguline  "  state,  is  obtained 
when  the  current  and  resistances  are  properly 
balanced.  Electro-deposited  copper,  when  pre- 
cipitated under  favourable  conditions,  is  superior 
in  ductility  and  strength  to  the  purest  rolled 
samples. 

Iron. — Chemical  symbol  Fe;  atomic  weight,  56; 
electrical  equivalent,  28  ;  specific  gravity,  7-8.  Iron, 
as  employed  by  the  electrotyper  in  the  process  of 


36  ELECTRO-TYPING. 

"  steel  facing,"  is  generally  derived  from  the  salts 
of  the  metal.  Iron  is  usually  very  impure,  and 
needs  careful  working  to  obtain  the  clean  deposits 
required. 

Salts  of  Iron, — The  common  salts  are  the  proto- 
sulphate,  commonly  called  green  copperas  ;  per- 
oxide (jeweller's  rouge),  protochloride,  carbonate, 
and  perchloride.  The  protosulphate  is  so  cheap  as 
to  render  its  preparation  at  home  unnecessary ;  but 
it  is  made  by  heating  fine  iron  wire  in  diluted  sul- 
phuric acid  until  the  solution  is  saturated,  and  then 
evaporating.  The  operation  should  be  conducted 
as  much  from  the  influence  of  the  air  as  possible. 
The  residue  is  a  green  crystalline  salt,  freely  soluble 
in  water.  By  employing  hydrochloric  acid  instead 
of  sulphuric,  the  protochloride  of  iron  is  secured ; 
it  is  similar  in  appearance  to  the  protosulphate,  and 
is  also  freely  soluble  in  water.  Perchloride  of  iron 
is  made  by  adding  nitric  acid  to  a  solution  of  the 
protochloride  and  evaporating  to  crystallizing 
point ;  this  is  a  reddish  salt. 

All  the  salts  of  iron  are  liable  to  change,  and 
most  of  them,  as  the  protosalts  in  solution,  absorb 
oxygen  from  the  air. 

Electrolysis  of  Iron  Solution. — Iron  may  be  de- 
posited from  many'  of  its  salts,  but  the  proto- 
chloride and  protosulphate  are  most  in  favour  for 
purposes  of  *'  steel  facing."  It  may  be  deposited 
by  simple  immersion,  but  this  process  has  had 
no  extended  application.  A  separate  current  is 
always   employed.     All  iron   solutions   should  be 
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protected  as  much  as  possible  from  the  influence 
of  the  air. 

Brass. — This  is  an  alloy  of  copper  and  zinc,  and 
as  it  is  only  used  in  imparting  a  hard  facing  to 
some  kinds  of  electrotypes,  it  need  not  be  spoken 
of  at  length  here.  It  may  be  remarked,  however, 
that  zinc  and  copper  together  always  require  a 
strong  current  to  deposit  them  as  an  alloy.  If  a 
weak  current  be  employed,  the  copper  will  be 
deposited  and  not  the  zinc,  but  if  the  current  be 
sufficiently  strong,  both  metals  appear  in  combina- 
tion at  the  cathode. 

Nickel. — ^This  is  a  hard  and  brittle  metal.  It  is 
generally  obtained  in  commerce  in  the  form  of 
grains.  Its  electrical  equivalent  is  29*5  ;  it  always 
needs  the  expenditure  of  a  good  deal  of  battery 
power  to  set  it  free.  Nickel  has  not  yet  been  suc- 
cessfully rolled,  so  that  anode  plates  are  usually 
made  in  the  form  of  cast  slabs ;  an  anode  of 
platinum  foil  may,  however,  be  used  in  setting  free 
small  quantities  from  a  solution,  as  described  in 
Chapter  IX. 

Zinc. — This  metal  is  chiefly  employed  in  voltaic 
batteries ;  its  nature  is  therefore  described  in 
Chapter  III. 

Backing  Metal. — This  is  used  as  a  "  backing  " 
for  electrotype  shells  when  they  are  not  sufficiently 
rigid  to  serve  their  intended  purpose.  It  is  usually 
made  by  melting  together :  lead  one  pound,  tin  one 
ounce,  antimony  one  ounce.  The  lead  is  melted 
first  and  the  other  metals  added.     It  is  usually  best 
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to  thoroughly  mix  them  by  granulating,  which  is 
most  readily  accomplished  by  slowly  pouring  the 
melted  mass  through  a  wire  net  into  a  bucket  of 
water.  The  grains  are  collected  and  may  be  again 
melted  and  divided  to  insure  perfect  mixture. 
This  metal,  with  more  or  less  tin  and  antimony, 
may  be  purchased  ready  for  use. 

"  Tinning  Metal." — This  is  also  known  as  solder, 
and  is  very  useful  to  the  electrotyper  in  joining 
shells,  as  well  as  preparing  their  backs  for  the 
reception  of  backing  metal.  It  may  be  made  by 
melting  together  equal  weights  of  tin  and  lead  and 
granulating  once  or  twice  as  directed  above.  It  is 
usually  considered  best  to  preserve  the  tinning 
metal  in  the  form  of  grains  in  a  suitable  vessel, 
free  from  dust. 

Other  and  less  important  metals  are  employed 
by  the  electrotyper,  but  they  will  be  found  spoken 
of  under  the  different  sections  in  connection  with 
which  they  are  used. 


CHAPTER  III. 

The  Source  of  Electricity. 

The  current-electricity  necessary  for  the  practice 
of  electro-typing  is  usually  derived  from  one  of  the 
following  three  sources  : — 

1.  Galvanic  B alter ies,  as  yet  the  cheapest  and 
most  convenient  source  of  electricity  applicable  to 
operations  of  moderate  extent. 

2.  Thermo-Eleclric  BallerieSy  in  which  current  is 
due  to  heat  usually  derived  from  gas,  charcoal,  or 
coke. 

3.  Dynamo-Electric  Machines,  generally  driven 
by  steam-power,  the  economical  and  efficient  action 
of  which  has  brought  them  into  use  in  most  of  the 
important  electro-typing  establishments. 

This  section  of  the  art  of  electro-typing  will, 
therefore,  be  treated  under  the  above  three  heads, 
each  separately  and  distinct  from  the  other  two. 
Each  source  of  electricity  has  its  advantages,  a 
brief  summary  of  which  will  be  found  at  the  end 
of  each  section. 

Galvanic  Batteries. — The  main  principles  of 
the  galvanic  cell  with  which  it  is  necessary  that 
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the  electrotyper  should  be  familiar,  are  discussed 
in  the  first  chapter  of  this  volume  (p.  lo  et  seq.). 

Simplest  Type  of  Cell. — A  pair  of  plates,  zinc  and 
copper,  immersed  separately  in  one  vessel  of  acidu- 
lated water,  form  a  cell  of  the  zinc-copper  descrip- 
tion. These  plates  may  be  of  any  size,  from  one 
square  inch  to  several  feet,  but  a  convenient  size  of 
this  cell  should  contain  about  one  gallon  of  liquid, 
with  plates  8  by  4  inches.  When  the  wires  from 
such  a  cell  as  this  are  joined  to  a  galvanometer,  a 
powerful  rush  of  current  is  indicated;  which,  how- 
ever, soon  begins  to  fail  in  strength. 

The  zinc-copper  cell  may,  nevertheless,  be  ar- 
ranged to  give  a  very  useful  and  cheap  current  for 
electro-typing  purposes  by  following  the  author's 
plan  of  depositing  a  granular  coating  of  copper 
upon  the  copper  plate  by  the  usual  electrotype 
process.  The  action  of  the  rough  surface  is  similar 
to  that  of  the  platinum  on  silver  employed  in 
Smee's  battery  (p.  43). 

It  is  much  better,  however,  to  arrange  the  cell  on 
the  principle  of  construction  employed  by  Smee, 
that  is,  two  amalgamated  zinc  plates  (p.  57)  should 
be  employed,  clamped  to  a  dry  wooden  bar,  with  a 
plate  of  rough-surfaced  copper  between,  but  not 
touching,  them. 

Or  the  cell  may  be  arranged  on  the  principle  of 
the  WoUaston  battery,  which  has  been  so  exten- 
sively used»in  electro-plating  and  typing.  In  this 
type  of  construction  one  large  copper  plate  is 
employed,  bent  into  a  U  shape,  the  ends  of  which 
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are  clamped  to  a  bar  of  varnished  wood  crossing 
the  top  of  the  vessel  in  which  the  liquid  is  kept. 
Through  the  wooden  bar  slides  a  plate  of  amal- 
gamated zinc  hung  in  position  by  a  cord  and 
counterweight  passed  over  a  pulley.  The  advantage 
of  this  construction  lies  in  the  facility  with  which 
the  zinc  may  be  withdrawn  from  the  liquid  when 
the  cell  is  not  in  action,  and  the  obvious  convenience 
of  being  able  to  regulate  the  amount  of  current  by 
immersing  more  or  less  of  the  zinc  plate  at  will. 
The  copper  plate  may  be  made  in  two  halves  and 
connected  together  at  the  top,  which  is  the  better 
way  of  the  two,  as  it  permits  of  more  free  circula- 
tion of  the  exciting  liquid.  The  distance  between 
the  plates  may  be  from  one-half  to  two  inches, 
according  to  their  size.  The  most  suitable  exciting 
liquid  is  usually  considered  to  be  one  part  of  sul- 
phuric acid  to  ten  of  water. 

When  the  battery  is  thrown  out  of  action  for 
some  time  the  copper  plates  should  be  removed, 
as  they  are  liable  to  suffer  corrosion,  and,  con- 
sequently, liberate  small  quantities  of  sulphate 
of  copper,  which  act  upon  the  zinc  and  set  up 
local  action  and  consequent  waste.  When  in  use 
the  copper  should  be  kept  clean,  and  this  is  gene- 
rally most  easily  accomplished  by  renewing  the 
rough  copper  coating  referred  to  above. 

The  Carbon  Plate. — ^An  excellent  and  cheap  cell 
may  be  constructed  upcn  the  above  model  by 
substituting  carbon  for  copper.  The  variety  of 
carbon    employed    in  galvanic    batteries    is  that 
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known  as  graphite,  or  gas  carbon.  It  is  no^  coke; 
it  forms  as  a  scale  upon  the  interior  surfaces  of  the 
gas  retort  in  the  process  of  evolving  gas  from  the 
richer  coals.  In  the  bulk,  as  chipped  from  the 
retorts  at  gas  works,  it  is  extremely  cheap.  It 
should  be  of  a  clear  grey  colour,  very  hard,  and  as 
regular  and  close  in  texture  as  possible.  Plates 
of  this  battery  carbon  will  last  for  any  number  of 
years,  but  they  are  difficult  to  cut  from  the  most 
suitable  quality  of  the  substance. 

These  carbon  plates  are,  however,  easily  pro- 
curable at  reasonable  rates,  and  may  with  every 
advantage  be  employed  as  a  substitute  for  the  more 
wasteful  copper  in  the  copper-zinc  battery.  Their 
good  points  may  be  summed  up  as  follows :  small 
first  cost,  high  conductivity  (when  of  moderate 
thickness),  highly  granular  everlasting  surface,  and 
fitness  for  remaining  constantly  in  the  liquid  when 
the  battery  is  out  of  action. 

In  order  to  provide  a  good  electrical  connection 
with  those  plates,  they  should  be  provided  with  a 
cap  of  copper,  electro-deposited,  at  the  upper  end. 
This  may  be  done  in  the  single  cell  (p.  25)  by 
tying  the  zinc  wire  to  the  carbon,  and  allowing  an 
inch  of  its  end  to  dip  into  the  solution  of  cupric 
sulphate.  In  an  hour  or  two  a  coating  of  copper 
will  be  secured,  when  the  end  must  be  dipped  in 
boiling  water  to  remove  all  traces  of  the  copper 
salts ;  it  should  then  be  provided  with  a  terminal 
screw  (p.  56J  by  soldering,  and  the  cap  well  pro- 
tected by  a  coat  or  two  of  black  varnish  applied 
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while  the  carbon  is  hot.  Fitted  in  this  way  these 
plates,  in  conjunction  with  amalgamated  zinc 
plates,  form  a  really  good  cell,  which  may  be 
worked  with  a  variety  of  excitants  or  by  dilute 
acid  simply.     (See  "  Carbon-Zinc  Cells,"  p.  52.) 

Two  large  carbon  plates,  with  one  zinc  between 
them,  as  in  Wollaston's  cell,  constitute  a  useful 
cell;  but  the  construction  may  be  extended,  and 
several  zinc  plates  between  carbons  may  be 
arranged  between  a  pair  of  long  varnished  wood 
bars  extending  over  the  top  of  the  containing 
vessel.  The  force  is  increased  by  platinising  the 
plates. 

Size  of  Plates  in  Batteries. — This  must  be  regu- 
lated by  the  extent  of  the  work  to  be  done.  A 
good  general  rule  to  follow  is  to  have  the  battery 
plates  a  little  larger  than  the  work  to  be  deposited 
upon.  Of  course  the  number  of  plates  when  they  are 
all  joined  together  to  form  substantially  one  cell,  will 
materially  affect  the  size  of  each  plate^  as  it  is  the 
surface  exposed  in  each  cell  that  ought  to  be  con- 
sidered and  made  equal  to  the  surface  to  be 
deposited  upon.  The  number  of  cells  will  have 
reference,  of  course,  to  the  electro-motive  force, 
which  must  be  regulated  to  the  resistance  of  the 
circuit  (p.  13),  and  is  entirely  independent  of  the 
size  of  each  cell. 

Platinised  Silver  Plates. — What  Smee  really 
effected  in  his  battery  was  to  provide,  in  silver,  a 
highly  electro- negative  element,  coated  with  a 
rough  layer  of  platinum,  admirably  suited  to  the 
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dislodgment  of  hydrogetiy  which  clings  to  a  smooth 
surface  and  practically  puts  a  stop  to  the  action  of 
the  battery. 

Smee's  battery  (Fig.  3)  is  thus  composed  of  a 
simple  pair  of  zinc  plates  (amalgamated)  having 
between  them  a  thin  sheet  of  the  platinised  silver. 
It  is  a  type  of  cell  which  has  been  more  extensively 
used  than  any  other  in  the  art  of  electro-typing. 
Its  first  cost  is  rather  great, 
but  the  most  expensive  item, 
the  silver  plate,  will  last  for 
about  fifteen  years  if  care  be 
taken,  and  the  platinising  be 
periodically  carried  out. 

It  is  false  economy  to  pro- 
cure the  silver  plate  very  thin ; 
it  should  have  a  thickness  at 
least  equal  to  an  ordinary 
"visiting  card."  Its  cost,  of 
course,  depends  upon  its 
weight,  but  it  may  be  procured 
ready  rolled  at  about  the 
market  price  of  silver.  A  very  useful  size  for  ordi- 
nary electrotypers'  work  is  12  by  8  inches,  which, 
if  of  a  good  stout  sheet,  will  cost  something  about 
£1.  This  price,  although  high,  will  of  course  be 
in  great  part  recovered  when  the  plate  is  unfit  for 
work  and  sold  for  old  silver. 

To  platinise  the  silver  plate  an  arrangement 
exactly  similar  to  the  single  cell  depositing  vessel 
(p.  25)  should  be  provided,  and  it  is  advisable  to 


Fig.  3.— Smee's  Battery- 
plates  raised. 
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employ  a  vessel  large  enough  for  the  outside  cell 
to  allow  of  the  silver  plate  being  immersed  in  it 
without  being  bent. 

The  porous  vessel  may  be  of  the  round  form,  but 
when  the  plate  to  be  coated  is  large  this  is  a  dis- 
advantage, inasmuch  as  the  action  must  neces- 
sarily proceed  with  greatest  rapidity  in  the  imme- 
diate vicinity  of  the  round  porous  cell.  For  this 
reason  it  is  better  to  employ  a  flat  cell,  but  failing 
this,  two  porous  vessels  may  be  brought  into  requi- 
sition, with  zincs  connected  together,  to  distribute 
the  rate  of  deposition  evenly  over  the  surface  of 
the  silver  plate.  Of  course  a  separate  cell  may  be 
used  to  give  the  current,  and  the  plate  may  thus  be 
platinised  in  an  ordinary  depositing  vessel,  employ- 
ing an  anode  of  platinum  foil.  According  to  the 
single-cell  method,  which  is  more  generally  applic- 
able, the  porous  vessel  should  be  nearly  filled  with 
acidulated  water  (i  to  10),  and  a  rod  or  plate  of 
zinc  suspended  in  it.  A  wire  should  lead  from  this 
to  the  silver  plate,  which,  with  the  porous  vessel, 
should  be  placed  in  the  outer  cell  containing 
acidulated  water  (weak),  in  which  saturated  solu- 
tion of  bichloride  of  platinum  should  be  present 
(i  part  solution  to  30  water).  In  a  few  minutes 
the  deposition  will  be  observed  to  darken  the  plate, 
and  while  it  proceeds  the  mixture  should  be  gently 
agitated  with  a  glass  rod.  "When  the  plate  appears 
dark  brown  or  nearly  black  it  may  be  removed,  or, 
perhaps,  a  better  guide  is  to  allow  the  plate  to 
remain  from  seven  to  eight  minutes  in  the  solution. 
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Silver  plates,  previous  to  being  platinised,  should 
be  washed  in  caustic  soda  solution  or  cleaned  off 
with  glass  paper.  After  the  completion  of  the 
process  the  plate  should  be  dried  and  carefully 
handled  while  being  placed  in  the  battery  frame. 

In  order  to  protect  the  silver  plate  from  injury, 
and  give  it  some  firmness,  it  is  usual  to  mount  it  in 
a  frame  of  wood,  but  this  is  a  bad,  dirty,  and  trouble- 
some method.  The  plate  should  be  stiffened  by 
four  clamping-pieces  of  sheet-lead,  bent  double, 
and  hammered  down  so  as  to  grasp  its  edges  firmly. 
This  is  quickly  done  and  will  outlast  the  plate, 
while  wood  is  a  constant  source  of  trouble.  These 
edges  should  be  warmed,  and  a  coat  or  two  of 
pitch  varnish,  or  ordinary  good  japan,  applied  to 
them. 

The  usual  and  most  convenient  construction  of 
a  Smee  cell  is  somewhat  similar  to  that  of  the 
copper-zinc  description  already  spoken  of.  Taking 
a  single  pair  only  of  the  Smee  type  as  an  example, 
the  silver  plate  is  made  fast  in  a  groove  cut  in  the 
bar  of  wood  forming  the  support  across  the  excit- 
ing vessel.  The  wood  should  be  of  some  hard 
description,  but  good  mahogany,  baked  dry  and  well 
varnished,  answers  perfectly.  The  full  width  of 
the  wood  bar  may  be  one  inch,  or  rather  more  for 
large  cells.  The  zinc  plates  may  be  slightly  longer 
and  wider  than  the  silver  element  to  afford  some 
protection  to  it  in  case  of  accidents.  They  should 
be  well  amalgamated,  and  selected  in  accordance 
with  the  hints  given  at  p.  56.     One  zinc  plate  is 


SOURCE  OF  ELECTRICITY.  47 

placed  at  either  side  of  the  bar,  parallel  to  the 
silver,  and  both  are  clamped  in  that  position  by- 
means  of  one  or  two  ordinary  battery  clamps, 
which  serve  at  the  same  time  to  connect  the 
two  plates  as  one  and  to  provide  a  means  of  fas- 
tening the  electrode.  The  electrode  from  the 
silver  plate,  and  which  should  be  soldered  to  it, 
is  led  out  through  the  wooden  bar,  and  may  either 
terminate  in  a  binding-screw  or  lead  direct  to  the 
depositing  vessel.  The  "  couple "  is  then  ready 
for  immersion  in  the  dilute  sulphuric  acid,  which 
may  be  contained  in  any  convenient  vessel.  Round 
glazed  earthenware  pots  to  contain  about  six  gal- 
lons are  best  adapted  for  the  immersion  of  single 
couples.  These  jars  are  easily  procurable,  and 
are  chiefly  manufactured  for  the  English  market, 
expressly  for  batteries,  by  Messrs.  Doulton,  of 
Lambeth. 

In  some  establishments,  however,  when  the 
plates  are  of  a  larger  size  it  is  found  best  to 
arrange  the  requisite  number  in  a  teak  trough 
lined  with  gutta-percha,  lead,  or  cement.  A  very 
cheap  and  good  kind  of  battery-containing  vessel 
may  be  made  from  teak,  well  jointed  and  thoroughly 
coated  inside  with  marine  glue  (p.  148). 

The  strength  of  dilute  sulphuric  acid  generally 
employed  as  an  excitant  for  the  Smee  battery  is 
one  part  (volume)  of  sulphuric  acid  to  ten  parts  of 
water.  Additional  information  necessary  for  the 
working  of  Smee  batteries  will  be  found  further  on 
(p.  61), 
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Double-Fluid  Cells. — ^The  cells  previously  spoken 
of  are  all  excited  by  one  fluid  only,  but  much 
greater  constancy  and  regularity  of  current  is 
secured  by  the  use  of  two  liquids,  separated  by 
a  porous  partition. 

It  is,  indeed,  remarkable  that  the  double-fluid 
cells,  with  all  their  advantages,  have  not  been  so 
extensively  employed  for  electro-typing  purposes 
as  those  of  the  more  simple  construction.  The 
cause  doubtless  lies  in  the  fact  that  double-fluid 
cells  were  not  known  so  early  or  so  well  as  Wol- 
laston's  and  Smee's,  for  had  Daniell's  type  of  gene- 
rator been  universally  understood  by  electrotypers, 
Smee's  would  have  long  ago  given  place  to  it,  to 
the  advantage  of  both  man  and  art.  Several 
electrotypers  have,  it  is  known,  tried  the  Daniell 
and  Bunsen  cells,  and  some  have  given  them  up 
in  favour  of  Smee's.  This  was  due,  no  doubt,  to 
the  fact  that  the  double-fluid  cells  were  not  under- 
stood or  worked  with  that  skill  which  should  be 
part  of  the  art  of  the  electro typer. 

That  no  cell  yet  invented  can  compete  with  the 
Daniell  for  constancy  in  working,  and  great  power 
to  keep  up  a  given  current,  few  who  are  acquainted 
with  the  question  will  deny,  and  that  it  is  quite  as 
cheaply  maintained  as  the  Smee,  even  electro- 
typers will  readily  admit,  while  its  first  cost  is 
obviously  a  trifle. 

A  Daniell  cell  for  the  purposes  of  the  general 
electrotyper  can  be  made  up  from  very  ordinary 
materials.    The  outer  vessel  is  of  the  usual  glazecj 
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earthenware,  to  contain  about  eight  gallons  of 
liquid ;  the  inner  one,  half  its  internal  diameter,  of 
porous  ware.  In  the  outer  cell  is  placed  a  roll  of 
sheet  copper  in  a  solution  of  cupric  sulphate,  and 
in  the  porous  vessel  a  cylinder  or  large  rod  of 
amalgamated  zinc,  in  the  usual  dilute  sulphuric 
acid.  Zinc  rods  for  Daniell  cells  may  be  cast  from 
any  scraps  at  hand.  A  smooth  and  slightly 
tapering  tube,  oiled  within,  should  be  used  as  a 
mould,  as  it  is  important  to  secure  as  smooth  a 
surface  as  possible,  otherwise  it  is  almost  impos- 
sible to  effectually  amalgamate  cast  zinc. 

It  is  almost  needless  to  point  out  the  obvious 
advantages  such  a  combination  presents  to  the 
electrotyper.  The  salt  and  excitant  are  of  a  kind 
constantly  in  use  in  his  business  and  are  therefore 
cheap,  as  they  are  purchased  in  quantity.  The 
metal  he  is  also  acquainted  with.  The  battery  is 
not  half  so  wasteful  of  zinc  as  Smee's,  and  its 
positive  element  may  be  amalgamated  with  greater 
ease.  It  may  be  excited  by  a  solution  of  common 
salt,  or  even  sulphate  of  zinc,  and  exhibits  a  con- 
stant and  vigorous  current  with  all  excitants. 
Its  first  cost  is  about  one-tenth  that  of  Smee's. 

Some  electricians  prefer  to  place  the  zinc  in  the 
larger  receptacle,  and  the  copper  in  the  porous  cell. 
In  either  case  the  cell  will  be  found  to  keep  in 
action  for  days  together  without  any  attention,  and 
when  weakly  charged  has  been  known  in  the 
author's  experience  to  deposit  copper  from  a  bath 
for  a  full  month  without  once  being  looked  to, 
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In  order  to  secure  these  desirable  results  it  is 
necessary  to  caution  the  reader  to  avoid  the  mis- 
takes made  by  others  of  his  art,  by  following  the 
hints  given  herewith. 

Heat  both  top  and  bottom  of  the  porous  cell  and 
paint  over  about  half  an  inch  with  japan  varnish 
or  hot  pitch.  Treat  the  top  of  the  zinc  and  copper 
cylinder  similarly.  Observe  that  the  copper  cylin- 
der cannot  touch  the  porous  cell.  Observe  also  that 
the  zinc  is  suspended  in  the  porous  cell  by  means  of 
a  w^ooden  cover  or  a  bar  of  wood  across  the  top ; 
the  zinc  must  not  rest  on  the  bottom  of  the  cell. 
Never  allow  crystals  of  cupric  sulphate  to  lie  in 
the  bottom  of  the  outer  vessel,  and  preserve  its 
solution  at  a  constant  strength  by  adding  crystals 
to  a  quantity  kept  upon  a  circular  shelf  made  on 
the  copper  cylinder.  Do  not  allow  the  crystals  to 
come  in  contact  with  the  porous  cell.  Keep  the 
liquid  in  the  porous  cell  a  little  higher  than  that  in 
the  outer  cell.  Examine  and  clean  the  zinc  rod 
when  it  becomes  dirty.  Chip  off  any  nodules  of 
copper  that  may  appear  upon  the  exterior  of  the 
porous  vessel,  and  cover  the  spot  with  a  touch  of 
varnish.  Thus,  with  less  attention  than  is  given 
to  a  Smee  cell,  the  Daniell  will  yield  a  stronger 
and  a  more  constant  current,  producing  copper  of 
very  superior  texture  and  toughness.  For  general 
information  regarding  the  Daniell  cell  the  reader 
is  referred  to  pp.  59 — 62. 

Bunsen's  cell  {Fig.  4)  is  more  generally  applicable 
where  a  very  strong  current  is  required,  as  for  "steel 
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facing"  and  the  deposition  of  brass  and  nickel. 
Its  construction  is  similar  to  Daniell's,  but  the  zinc 
occupies  the  outer  vessel,  in  diluted  sulphuric  acid, 
while  the  negative  element  is  of  gas  carbon  (p.  41) 
in  the  form  of  a  square  or  round  bar,  placed  in  the 


h  ig.  4. — Bunsen's  Battery, 

porous   vessel,  which  is  nearly  filled  with  strong 
nitric  acid. 

The  current  yielded  by  this  battery  is  very 
vigorous,  because  the  internal  resistance  is  very 
low,  probably  not  one-twentieth  of  that  exhibited 
by  an  equal-sized  Daniell  cell.  When  fully  charged, 
its  action  continues  almost  constantly  for  four  or 
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five  hours.  Much  care  is  necessary  to  keep  the 
zinc  amalgamated,  and  to  avoid  allowing  any  of 
the  nitric  acid  to  drop  into  the  outer  cell,  because 
it  sets  up  destructive  local  action.  The  carbon  rod 
should  be  headed  with  an  electro-deposit  of  copper 
as  suggested  at  p.  42,  and  should  likewise  be  well 
protected  around  the  heading  by  repeated  coatings 
of  pitch,  applied  while  hot.  The  first  cost  of  the 
Bunsen  cell  is  comparatively  low.  A  pair  of  them, 
of  two-gallon  size,  usually  provides  ample  strength 
of  current  for  the  steel-facing  process,  as  well  as  for 
brass  and  nickel. 

A  very  useful,  cheap,  and  clean  battery  may  be 
made  by  simply  charging  the  Bunsen  differently  ; 
thus,  place  in  the  porous  cell  a  saturated  solution 
of  bichromate  of  potash,  strongly  acidulated  with 
sulphuric  acid,  and  in  the  outer  vessel  a  solution  of 
common  salt.  The  force  of  this  combination  is 
very  high,  while  the  resistance  is  less  than  that  of 
the  Daniell  cell;  it  is  more  cleanly  than  the 
Daniell,  but  in  constancy  of  current  it  is  inferior. 

Grove's  cell  is  in  some  respects  superior  to,  and 
is  more  compact  than,  Bunsen' s,  but  its  first  cost  is 
very  high,  by  reason  of  the  price  of  the  platinum 
plate  employed  in  place  of  the  carbon  block.  It  is 
usually  made  in  the  form  of  flat  cells,  and  may  be 
employed  in  any  w^ork  where  a  powerful  current  is 
necessary. 

Carbon  and  Zinc  Douhle-Fluid  Cells. — The  effi- 
ciency of  these  batteries,  several  forms  of  which 
have  recently  been  introduced,  is  chiefly  due  to  the 
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excellent  depolarising  qualities  of  the  bichromate 
of  potash  employed.  The  electro-motive  force  is 
equal  to  that  of  the  Bunsen  battery,  and  the  internal 
resistance  is  comparatively  small. 

From  the  experiments  and  observations  the 
author  has  been  able  to  make,  it  would  appear  that 
a  really  good  cell  for  iron  deposition  can  be  gene- 
rally employed,  made  on  the  one-fluid  principle,  at 
a  cost  very  much  under  that  of  Bunsen  cells.  The 
proposed  battery  can  be  made  by  clamping  a  pair 
of  carbon  plates,  one  on  either  side  of  a  zinc  plate, 
after  the  construction  of  a  Smee.  The  excitant 
which  has  been  found  to  answer  best  is  known  as 
Anderson's  salts,  which  the  inventor  has  described 
in  his  patent  as  made  by  adding  oxalic  acid  to  a 
solution  of  bichromate  of  potash  until  effervescence 
ceases,  and  then  slowly  evaporating  the  solution, 
when  the  crystals  of  the  oxalate  of  chromium  and 
potash  will  be  obtained.  These  salts  are,  however, 
obtainable  commercially.  This  is  used  with  both 
single  and  double  cells.  To  charge  the  single  cell, 
this  salt  is  dissolved  in  water  strongly  acidulated 
with  hydrochloric  acid  along  with  a  few  cr}'^stals  of 
the  bichromate.  The  current  is  very  vigorous  and 
well  sustained. 

The  double-fluid  cell  is,  however,  preferable  on 
account  of  its  long-continued  action.  A  porous  and 
an  outer  cell  are  employed.  The  zinc,  in  the  form 
of  plate  or  rod,  is  placed  within  the  porous  cell,  in 
a  solution  of  muriate  of  ammonia,  and  the  carbon, 
in  the  form  of  a  plate,  occupies  the  outer  cell,  in  a 
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solution  of  the  salt  described  above  in  connection 
with  the  single  cell. 

When  the  solution  in  the  outer  cell  begins  to 
show  signs  of  weakness,  more  crystals  of  bichro- 
mate of  potash  should  be  added.  The  inventor, 
however,  describes  in  his  patent  an  ingenious 
arrangement,  by  the  aid  of  which  the  crystals  may 
be  made  to  add  their  strength  to  the  battery  as  fast 
as  is  required,  and  by  which  the  strength  of  the 
cell  may  to  a  great  extent  be  regulated.  It  consists 
of  an  earthenware  or  glass  tube,  covered  at  the 
lower  end  with  platinum  gauze  and  containing  the 
crystals ;  this  tube  is  clamped  at  such  height  within 
the  cell  as  to  allow  the  salt  to  dissolve  fast  enough 
to  supply  the  consumption ;  its  action  thus  depends 
upon  the  greater  or  less  depth  of  crystals  below 
the  surface  of  the  solution. 

These  cells,  although  they  have  not  as  yet  been 
extensively  tested  and  used  in  electro -typing,  ex- 
hibit every  good  quality  applicable  to  the  practice 
of  the  art,  and  well  deserve  a  careful  trial  by  all 
electrotypers.  The  electro-motive  force  is  slightly 
higher  than  that  of  Bunsen's  cell.     (See  also  p.  63.) 

Conductors  from  Batteries. — Copper  is  universally 
employed  for  the  conductors  between  the  plates  of 
batteries,  and  between  the  poles  and  the  vats.  It 
is  very  flexible  and  ductile,  cheap,  easily  obtain- 
able, and  forms  one  of  the  best  conductors  of  elec- 
tricity. It  is  generally  employed  in  the  form  of 
straps,  or  stout  wire,  as  main  conductors  between 
the  battery  and  vat.     Thin  wires  should  never  be 


SOURCE  OF  ELECTRICITY.  55 

used,  because  they  offer  a  high  resistance  to  the 
current  and  consequently  retard  its  passage.  Copper 
wire  of  the  No.  10  size,  by  the  Birmingham  wire 
gauge,  is  well  suited  to  most  purposes,  but  straps 
are  often  considered  more  convenient  in  use ;  they 
should  never  contain  less  copper  per  foot  than  a  wire 
of  the  above  size.  The  sling  wires  will  be  spoken 
of  at  greater  length  in  connection  with  the  vat  fit- 
tings, but  it  may  be  here  mentioned  that  No.  10 
copper  wire  is  a  suitable  size. 

One  very  important  point  to  be  observed  is  that 
the  conductors  make  absolutely  clean  metallic  contact 
with  the  terminals  of  a  battery,  otherwise  much 
power  may  be  wasted  on  the  resistance  offered  by 
a  dirty  connection,  as  it  has  been  shown  that  dirt 
or  oxides  offer  an  enormous  resistance  to  the  pas- 
sage of  a  current.  In  the  case  of  employing  long 
leading  wires,  as  from  batteries  situated  at  some 
considerable  distance  from  the  depositing  vat,  the 
wires  should  be  still  stouter,  or  two  twisted  together 
employed.  In  connection  with  this,  it  may  be 
useful  to  state  that  the  resistance  of  a  conductor 
increases  directly  with  its  length,  and  varies  in- 
versely as  the  area  of  its  cross  section.  No.  10 
wires,  or  straps  of  equal  weight  per  foot,  may  be 
employed  between  battery  and  depositing  vessel 
over  any  distance  not  exceeding  100  feet.  The 
resistance  of  this  length  (100  feet)  will  be  about 
one-fifteenth  of  an  ohm,  or  less. 

All  conductors  between  battery  and  vat  should 
be  insulated  with  gutta-percha,  or  tarred  twine. 
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Cotton-insulated  wire,  baked  and  steeped  in  melted 
(solid)  paraffin,  forms  a  damp-proof  and  inexpensive 
conductor. 

Terminals. — ^These  are  the  various  kinds  of  con- 
necting screws  employed  by  the  electrotyper 
(Fig.  5).  They  are  made  so  as  to  clamp  the  conduct- 
ing wire  to  the  pole  in  order  to  provide  a  good 
electrical  contact.  As  a  rule  terminals  are  screwed 
or  soldered  to  the  elements  of  a  battery.  The  chief 
thing  to  observe  is  that  they  shall  make  perfect 

metallic         contact 
r       '^  with  the  plates,  and 

that  the  subsequent 
action  of  the  battery 
shall  not  corrode  the 
contact.  Clamps 
are  usually  of  brass, 
like  screws,  but  in 
some  cases  it  proves 
more  economical  in 
the  end  to  employ  copper  clamps.  All  terminals 
should  be  fitted  with  thumb-nuts  large  enough  to 
allow  a  good  pressure  to  be  exerted  in  screwing 
them  down  upon  the  wire. 

Zinc  for  Voltaic  Batteries. — Whenever  possible, 
stout  rolled  Belgian  zinc  should  be  used  in  bat- 
teries. Cast  zinc  is  not  only  much  more  likely  to 
contain  impurities,  but  its  surface  is  usually  so  bad 
as  to  preclude  the  possibility  of  amalgamating  it 
(p.  57).  Sheet  zinc,  suitable  for  batteries,  should 
never  be  thinner  than  one-eighth  of  an  inch,  but  it 


Fig.  5. — Battery  Terminals. 
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may  be  thicker  with  advantage.  As  received  from 
the  rolling  mill  its  price  may  be  reckoned  at  about 
fourpence  per  pound.  As  the  amount  of  zinc  dis- 
solved in  the  battery  bears  a  proportion  to  the 
weight  of  metal  deposited  in  the  vat,  it  may  be 
assumed  that  the  battery  plates  do  not  last  long 
when  in  constant  use ;  it  is,  therefore,  economy  to 
keep  a  large  quantity  of  plates  in  stock,  cut  to  size. 

To  cut  Zinc. — Zinc  may  be  readily  divided  to  the 
required  sizes  by  first  marking  off  the  dimensions 
in  lines,  deepening  these  with  a  scratch  or  two  of  a 
graver,  and  running  mercury  into  the  cut,  when  the 
plate  may  be  readily  broken  over  the  edge  of  a 
table.  If  any  difficulty  be  experienced  it  may  be 
removed  by  repeating  the  process  on  the  opposite 
surface. 

To  bend  Battery  Zincs. — ^This  metal  exhibits  the 
peculiar  property  of  softening  very  readily  by  a 
slight  increase  of  temperature.  Therefore  zinc 
plates  just  taken  out  of  boiling  water  may  be  easily 
curved  and  bent  to  the  required  shapes  over  a 
former  of  wood  or  iron ;  a  wooden  mallet  is  also 
useful  to  the  workman  in  curving  the  cylinders. 

Amalgamation  of  Zinc. — This  process  is  very 
simple,  but  it  is  of  the  greatest  importance.  If 
absolutely  pure  zinc  could  be  obtained  for  batteries, 
the  necessity  for  amalgamation  would  not  render 
itself  manifest.  If  any  foreign  ingredients  are 
present  in  the  zinc  the  action  of  the  battery  is 
seriously  interfered  with,  and  great  waste  goes  on. 
The  impurities  found  in  zinc  are  commonly  com- 
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pounds  and  particles  of  iron,  tin,  and  lead,  which 
set  up  miniature  local  cells  with  the  other  parts  of 
the  zinc  plate  by  reason  of  the  electrical  relations 
existing  between  them  (p.  lo).  To  prevent  the  for- 
mation of  these  minute  and  wasteful  local  currents, 
a  coating  of  mercury  is  spread  over  the  zinc  (which 
"  takes"  the  mercury  readily),  forming  an  amalgam  ; 
this  coating  serves  to  connect  the  zinc  and  im- 
purities in  one  whole  conducting  surface,  and  pre- 
vents the  differences  of  electrical  condition  from 
manifesting  themselves. 

To  amalgamate  the  plates  it  is  necessary  first,  if 
the  plates  be  new,  to  wash  them  in  hot  caustic  soda 
solution,  so  as  to  remove  the  greasy  film  imparted 
to  them  at  the  rolling  mills.  A  flat  vessel  is  then 
partially  filled  with  dilute  sulphuric  acid,  and  upon 
it  is  also  poured  a  little  of  the  best  quality  of 
mercury  procurable.  The  plate  is  dipped  in  the 
liquid  and  the  mercury  rubbed  on  with  a  pad  of 
tow  or  other  suitable  substance.  The  workman 
should  take  particular  care  to  cover  every  portion 
of  the  surface.  When  the  plates  present  a  uniform 
silvery  appearance  they  may  be  set  upon  edge  to 
drain,  after  which  they  are  ready  for  placing  in  the 
battery.  Much  care  should,  of  course,  be  taken  to 
insure  that  only  pure,  or  nearly  pure,  mercury 
shall  be  employed,  as  mercury  adulterated  with 
lead  and  other  metals  will  frequently  be  found  to 
do  more  absolute  harm  than  good. 

Copper  Plates  for  Batteries. — Sheet  copper,  about 
j'rrnd  of  an  inch  in  thickness,  is  almost  universally 
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employed  as  plates  and  cylinders  to  form  negative 
elements  in  batteries  where  copper  is  used.  The 
copper  cylinders  of  Daniell  cells  may  be  even 
thinner  than  usual,  as,  instead  of  wasting  away, 
they  continually  increase  in  stability,  by  reason  of 
the  added  deposits  of  copper.  Elements  of  this 
metal,  in  whatever  battery  they  play  the  negative 
part,  should  be  kept  clean  and  bright.  Those  of 
Daniell's  cells  are  always  sufficiently  clean  while 
the  combination  is  in  action.  Dirty  copper  plates 
or  cylinders  may  be  effectually  cleaned  by  heating 
to  redness  and  plunging  in  dilute  sulphuric  acid  ; 
rubbing  with  a  wire  card  is  also  very  effectual. 
The  various  shapes  required  are  readily  cut  from 
the  copper  sheet  by  means  of  shears.  The  metal 
"takes"  solder  readily;  the  flux  employed  should 
always  consist  of  resin. 

Containing  Vessels  for  Batteries. — ^The  best  vessels 
for  use  in  the  electro-typing  laboratory  are  of  brown 
glazed  stoneware.  For  the  separate  cells,  where 
one  pair  of  elements  occupies  one  vessel,  cylindrical 
pots,  suitable  for  Daniell,  Bunsen,  and  Smee  cells 
are  well  adapted.  They  are  procurable  in  sizes 
to  contain  from  a  pint  to  many  gallons  of  exciting 
liquid. 

In  cases  where  a  number  of  moderate-sized  plates 
are  employed,  to  give  a  Smee  or  other  cell  of  very 
large  total  surface,  troughs  of  lined  teak  wood 
answer  very  well. 

Porous  Vessels  for  Batteries. — ^All  necessary  sizes 
of  porous  cell  are  now  procurable.    They  are  made 
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from  red  or  white  earthenware,  and  are  unglazed  ; 
they  thus  allow  the  current  to  pass,  but  separate 
the  two  liquids  employed.  Much  care  should  be 
bestowed  upon  the  selection  of  these  cells,  for  upon 
the  kind  and  quality  of  cell  materially  depends  the 
internal  resistance  (p.  13)  of  the  battery,  and  also 
its  capability  to  maintain  a  current  at  a  given 
strength.  For  Daniell  cells,  to  remain  in  action 
for  considerable  periods,  the  white  variety  is  best 
adapted,  because  they  are  somewhat  hard,  and 
prevent  the  two  solutions  from  readily  inter- 
mingling. In  Bunsen  batteries  the  red  cells  may 
be  used  with  advantage,  because  they  are  generally 
soft,  and  offer  little  obstruction  to  the  passage  of 
the  current  during  the  periods  over  which  the  cells 
are  in  action.  Porous  cells  may  be  procured  in  both 
cylindrical  and  flat  shapes,  to  suit  the  different  forms 
of  generators.  All  cells  should  be  tested  for  porosity 
before  being  used  in  the  battery ;  each  one  should  be 
filled  with  water,  and  the  effect  upon  the  exterior 
surface  noted.  If  the  water  should  run  off,  the  cell 
is  too  porous  for  any  purpose,  but  if  it  appear  as  a 
heavy  dew  upon  the  exterior  in  the  course  of  an 
hour  or  so  the  vessel  may  be  considered  fit  for  use  in 
Bunsen  batteries  ;  the  hardest  cells,  through  which, 
however,  the  water  should  appear  in  time,  may  be 
employed  for  the  more  constant  Daniell  and  bichro- 
mate batteries.  Some  of  the  best  cells  are  glazed 
around  the  bottom  and  around  the  brim.  This  is 
a  great  advantage,  and  should  be  universal,  as  it  to 
a  great  extent  prevents  the  creeping   effects  of 
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endosmose  from  bringing  copper  into  the  zinc 
compartment. 

Solutions  for  Batteries. — The  exciting  liquid  in 
most  batteries  is  diluted  sulphuric  acid,  in  which 
the  amalgamated  zinc  element  is  immersed.  The 
strength  of  this  mixture  depends  upon  two  things  : 
the  quality  of  zinc  and  the  state  of  amalgamation. 
The  strength  varies  also  according  to  the  amount 
of  current  required.  Really  good  zinc,  well  amal- 
gamated, will  stand  a  very  strong  acid  mixture 
without  wasting,  but  bad  zinc,  poor  in  mercury, 
will  waste  in  the  weakest  liquid.  The  actual 
strength  employed  may  be  taken  to  vary  from  one 
volume  of  acid  to  thirty  of  water  to  one  of  acid  to 
six  or  eight  of  water.  For  use  in  Smee  and  Daniell 
cells  a  good  strength  is  one  to  ten.  In  Bunsen 
cells  it  may  be  as  strong  as  one  to  five,  if  the  amal- 
gamation be  in  good  condition. 

The  sulphuric  acid  employed  should  be  of  the 
best  quality  only,  but  even  this  frequently  contains 
small  quantities  of  nitric  acid,  which  is  very  destruc- 
tive in  the  zinc  compartment.  To  detect  nitric 
acid,  dissolve  indigo  in  pure  sulphuric  acid,  and 
add  this  solution  to  the  suspected  sample,  boiling 
the  mixture.  If  the  indigo  should  disappear  in  the 
boiling,  nitric  acid  may  be  assumed  to  be  present. 

It  is  always  false  economy  to  use  any  quality  but 
the  best  nitric  acid  for  Bunsen's  negative  cell.  The 
most  concentrated  should  be  employed,  and  it 
should  also  be  free  from  hydrochloric  acid.  Good 
nitric  acid  may  be  used  to  charge  the  cell  three  or 
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four  times ;  that  is,  supposing  the  battery  to  be  set 
up  now  and  again  for  iron  facing  purposes,  perhaps 
occupying  half  an  hour  at  each  operation.  After 
the  first  time  of  using  the  acid  is  found  to  have 
turned  to  a  reddish  colour.  When  again  used  it 
may  turn  to  green,  and  finally  to  a  clear  liquid. 
After  this  it  is  useless,  and  may  be  thrown  away. 

The  various  solutions  of  salts  employed  in  the 
batteries  described  or  mentioned  in  this  book 
should,  it  may  be  generally  assumed,  be  as  pure  as 
possible.  Information  regarding  cupric  sulphate, 
for  use  in  Daniell's  cell,  will  be  found  at  p.  31.  As 
the  strength  of  a  battery  to  a  great  degree  depends 
upon  the  state  of  its  solution,  attention  should  be 
paid  at  intervals  to  the  liquids  and  to  refresh  them 
with  new  crystals. 

In  the  action  of  the  Smee,  Daniell,  and  some 
other  cells,  the  sulphate  of  zinc  formed  in  the  pro- 
cess gradually  accumulates  in  the  solution  until  it 
becomes  quite  thick  and  heavy.  This  condition 
can  only  arise  from  complete  want  of  attention,  and 
in  porous  cells  especially  should  be  avoided.  When 
the  sulphate  of  zinc  is  allowed  to  accumulate  in 
quantity,  it  offers  great  resistance  to  the  current, 
and  should  be  withdrawn  in  part  or  whole  as  the 
occasion  may  require.  Smee  cells  in  full  constant 
work  generally  make  the  solution  quite  heavy  and 
unfit  for  work  in  a  week  or  less,  but  much  depends 
upon  the  attention  paid  to  it,  such  as  adding  a  little 
water,  removing  the  zinc  plates  and  washing  them, 
adding  a  little  acid,  and  so  on. 
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Local  Action  in  Batteries. — This  term  is  sufficiently 
comprehensive,  and  has  been  explained  at  p.  58, 
in  connection  with  the  subject  of  amalgamation. 
Local  action  always  exhibits  its  effects  in  the  form 
of  dark  patches  upon  the  clean  amalgamated  sur- 
face. These  spots  will  be  found  partly  honey- 
combed, and  a  difficulty  is  very  frequently  expe- 
rienced in  covering  them  again  with  mercury.  In 
order  to  avoid  altogether  the  worst  effects  of  local 
action,  the  plates  should  be  amalgamated  frequently. 
Zincs  several  times  amalgamated,  however,  should 
be  handled  carefully,  because  they  become  very 
brittle.  The  residue  of  the  mercury  left  in  the 
bottom  of  battery  jars  should  be  preserved  for  future 
use.  Much  care  should  be  taken,  when  the  zinc 
plates  are  frequently  amalgamated,  to  avoid  allow- 
ing any  mercury  to  touch  the  silver,  which  it  renders 
liable  to  crack. 

Electro-motive  Force  of  Batteries. — The  electro- 
motive force  of  some  of  the  more  useful  batteries 
here  mentioned  may  be  judged  of  from  the  follow- 
ing figures  from  Latimer  Clark's  **  Electrical 
Measurement " :  — 


Grove's  .... 
Bunsen's  .... 
Daniell's  .... 
Smee's  (when  not  in  action) 
Smee's  (when  in  action)  about 
Copper-and-zinc  cell   . 


100 
9« 
56 

57 

25 

46 


The  current.,  with  which  the  electrotyper  is  chiefly 
concerned,  will  depend  in  a  very  great  degree  upon 
the  resistance  (internal)  of  the  cell.    This  may  vary 
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from  one-tenth  of  an  ohm  (p.  8)  in  large  Bunsen 
cells  to  four  or  five  ohms  in  Daniell  cells.  It  will 
be  observed  that  the  force  of  the  Smee  cell  is  much 
higher  when  tested  with  the  negative  wire  put  to 
earth  and  the  positive  wire  connected  to  a  conden- 
sing electrometer,  than  when  the  circuit  is  actually 
closed  in  useful  work. 

In  this  treatise  a  full  statement  of  the  relations 
existing  between  electro-motive  force  resistance  and 
current  cannot  be  given ;  for  such  information  the 
reader  is  necessarily  referred  to  some  good  text- 
book of  electricity.  It  may  be  useful,  however,  to 
give  a  few  particulars  concerning  the  cells  with 
which  the  electrotyper  is  likely  to  deal. 

It  must  always  be  borne  in  mind,  in  calculating 
battery  power  for  any  given  work,  that  the 
electro-motive  force  and  the  resistance  determine 
the  current.  Thus,  a  cell  of  high  electro-motive 
force  and  low  resistance  will  give,  through  a  good 
conductor,  a  much  stronger  current  than  a  cell  of 
equal  force  but  much  higher  resistance.  Hence, 
one  Bunsen  cell,  by  reason  of  its  small  internal 
resistance,  will  yield,  in  a  circuit  of  low  resistance, 
a  much  stronger  and  more  effective  current  than 
two  Daniell  cells  coupled  together,  but  the  latter, 
in  a  circuit  of  high  resistance,  would  do  more  work 
than  the  Bunsen  cell.  The  most  common  and 
comprehensive  expression  relating  to  these  laws  is 
that  the  external  {interpolar)  resistaiice  shotdd  equal 
the  internal  resistance. 

Hence,  batteries  of  comparatively  high  internal 
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resistance  may  with  economy  be  employed  in  all 
electro-typing  work  of  high  resistance,  and  where 
the  surface  to  be  coated  is  but  an  indifferent 
conductor,  such  as  blackleaded  gutta-percha  or 
wax. 

Electro-motive  force  should  be  regulated  to  suit 
the  resistance,  but  in  most  cases  the  E.M.F.  of  one 
Smee  or  Daniell  cell  will  prove  sufficient  in  copper 
depositing.  When,  however,  the  mould  to  be  de- 
posited upon  is  of  an  undercut  design,  and  therefore 
presents  much  resistance,  requiring  pushing  power 
in  the  current,  it  is  necessary  to  employ  two  Smee 
or  Daniell  cells,  or  two  of  the  zinc-carbon  bichro- 
mate type  described  at  p.  52. 

To  increase  or  double  the  electro-moitve  forcCy  the 
pairs  must  be  separate  and  distinct  from  each  other, 
and  not  mounted  in  one  trough  or  cell.  Then,  by 
simply  connecting  the  copper  (or  silver)  of  one 
pair  to  the  zinc  of  the  other,  and  taking  the  leading 
wires  for  the  vat  from  the  remaining  zinc-and-copper 
(or  silver  plate)  terminals,  the  force  is  doubled.  It 
must  be  remembered,  however,  that  the  effective 
size  of  the  battery  remains  as  one  cell,  and  is  not  in 
any  way  increased.  The  pushing  power  of  one  cell 
has  been  added  to  that  of  a  second,  but  the  power 
to  yield  a  current  remains  .as  for  one  cell.  The 
ifzternal  resistance  has  been  doubled  ;  that  is,  both 
resistances  have  been  added  together,  and  conse- 
quently the  combination  of  two  cells  is  more  power- 
ful against  high  resistance  than  one  cell.  Electro- 
motive force  may  thus  be  increased  to  any  required 
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extent  by  continuing  to  join  up  cells  as  above,  or 
in  series^  as  it  is  termed. 

The  reader,  on  consulting  a  good  text-book  of 
electricity,  will  find  that  the  electro-motive  force  ot 
a  cell  is  expressed  in  terms  of  a  unit  of  force,  called 
the  "  volt,"  from  Volta.  This  electro-motive  force 
is  only  slightly  less  than  that  of  one  Darnell  cell;  in 
fact,  the  Daniell  cell  is  frequently  taken  as  equal  to 
one  volt.  Now,  if  we  employ  a  volt  force  (the  unit), 
or  one  Daniell  cell,  and  arrange  the  size  so  as  to 
give  a  very  small  internal  resistance,  we  may  as- 
sume that  in  electro-typing  we  have  a  resistance  of 
one  ohm  (the  unit  of  resistance,  equal  to  about  6 
feet  of  36  gauge  copper  wire),  and  our  current  will 
therefore  be  equal  to  one  weber  per  second  (weber, 
the  unit  of  current,  or  quantity),  and  the  result  will 
prove  that  we  are  depositing  copper  at  the  rate  of 
1 7  grains  fier  hour. 

This  can  actually  be  done  by  employing  a  pretty 
large  Daniell  cell,  and  a  good  conducting  solu- 
tion. Therefore,  the  electrotyper  can  calculate  very 
nearly  how  much  copper  he  can  deposit  per  day, 
when  he  has  a  good  idea  of  his  total  resistance. 

It  may  prove  useful  to  the  reader  to  give  in  terms 
of  the  unit,  in  connection  with  the  above  statement, 
a  list  of  the  forces  exhibited  by  the  different  cells 
he  is  likely  to  employ  in  his  art.  The  figures  may 
prove  of  use  also  in  gaining  a  rough  estimate  of  the 
work  being  done  in  the  circuit.  But  it  should  be 
borne  in  mind  that  all  particulars  relating  to  the 
laws  of  the  circuit  given  herewith,  are  intended  to 
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be  itudied  in  connection  with  those  in  some  such 
work  as  Jenkin's  ''Electricity  and  Magnetism" 
(Longmans),  and  not  to  be  taken  without  further 
inquiry  into  the  actual  causes  at  work  in  the  electric 
circuit. 


Cells. 

Probable  internal 

resistance. 

(I  gallon  size). 

Electro-motive  force 
in  volts. 

Daniell 

Smee  (not  in  action) 

,,      (in  action) 
Copper-and-zinc 
Bunsen     ..... 
Bichromate  carbon  cell  (p.  53) . 

1-5  ohm 

•5   » 
■2    „ 

•6  „ 

I -079 

1-098 

•482 

•886 
1-964 
2-028 

To  increase  current  or  quantity ^  it  is  only  necessary 
to  enlarge  the  cell,  or,  which  comes  to  the  same 
thing,  join  up  two  or  more  cells  in  parallel  circuit ; 
thus  all  zincs  to  one  electrode  and  all  coppers  to 
the  other.  When  a  cell  is  doubled  in  size,  its  re- 
sistance is  halved.  Then  the  resistance  is  in  direct 
ratio  with  the  surface  of  plates  active  in  the  cell 
(provided,  of  course,  that  the  liquid  shall  always 
remain  the  same,  both  in  conductivity  and  space  to 
be  passed  through). 

"  Maki7ig  up  "  Batteries. — Miich  space  is  usually 
devoted  in  works  on  electricity  to  the  subject  of 
joining  up  cells  in  series  and  parallel  circuit,  and 
to  the  discussion  of  effects  from  batteries  differently 
arranged.  These  instructions,  although  they  are 
merely  extensions  of  the  rule  for  increasing  the 
electro-motive  force  at  p.  65,  and  also  that  upon 
which  the  quantity  of  current  depends,  as  above, 
are  very  useful  to  those  who  employ  considerabid 
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numbers  of  cells  in  their  operations.  The  electro- 
typer,  however,  seldom  has  occasion  to  use  more 
than  two  cells  to  gain  the  force  he  requires,  so  that 
particulars  relating  to  numerous  cells  would  be 
misplaced  here.  The  force  of  current  required  for 
the  several  specific  purposes  mentioned  in  this 
treatise  is  clearly  stated  in  the  section  devoted  to 
"  The  Depositing  Process,"  Chap.  VIII. 

Care  of  Batteries. — ^The  economical  management 
of  his  battery  is  a  matter  of  much  importance  to  the 
electrotyper,  since  zinc  and  excitants  are  expensive, 
and  because  irregular  working  not  only  leads  to 
inferior  work,  but  to  costly  waste. 

With  special  reference  to  the  Smee  cell,  care 
should  be  taken  to  remove  the  plates  from  the  solu- 
tion when  the  day's  work  is  over,  and  to  examine 
and  wash  them.  They  are  examined  chiefly  to  find 
whether  the  amalgamation  has  failed,  and  to  detect 
marks  of  local  action.  Black  patches  should  be 
scraped  clean  and  re-amalgamated. 

The  exciting  solution  should  be  stirred  at  least 
once  in  every  two  days  to  equalise  its  density,  and 
a  small  quantity  of  sulphuric  acid  and  water  added. 
It  may  then  be  used  until  it  becomes  of  an  oily 
consistency,  which  will  be  indicated  by  the  zinc 
sulphate  crystallizing  upon  the  plates.  The  silver 
plate  should  be  replatinised  about  every  four  or  five 
months,  according  to  the  duty  it  performs. 

In  the  use  of  sulphuric  acid  for  batteries,  it  is 
highly  important  to  avoid  pouring  water  into  acid, 
as  this  frequently  causes  an  explosion  dangerous 
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to  the  eyes.  Acid  should  always  be  added  to 
water,  and  this  not  too  fast,  because  great  heat  is 
spontaneously  produced. 

Porous  cells,  whenever  used,  should,  as  often  as 
practicable,  be  kept  soaking  overnight  in  water  to 
clear  out  the  pores,  which  are  apt  to  get  clogged 
up  with  crystallized  salts.  The  crystallization  of 
salts  will  also  crack  cells  that  are  allowed  to  become 
dry  for  any  considerable  length  of  time  after  use. 
All  porous  cells  permit  of  the  gradual  intermixture 
of  the  two  separated  liquids  in  batteries.  This  is 
called  endosmosCy  and  is  the  chief  cause  of  the 
failure  of  current  in  the  Bunsen  cell  after  a  few 
hours'  work.  The  word  endosmose  is  also  used  in 
this  work  to  indicate  the  peculiar  creeping  action 
of  crystallized  salts,  especially  in  reference  to  the 
Daniell  cell. 

Cost  of  Battery  Working. — ^Theoretically,  an  equi- 
valent of  copper  should  be  deposited  for  each  equi- 
valent of  acid  and  zinc  consumed  in  the  battery, 
so  that,  according  to  this  rule,  all  cells  should 
cost,  in  working,  the  same  price.  In  practice, 
however,  this  is  never  attained,  and  it  then  be- 
comes a  question  which  is  the  most  economical 
cell  with  which  copper  may  be  deposited. 

Laying  aside  the  fact  that  the  silver  in  Smee's 
cell  is  gradually  destroyed,  this  type  of  gene- 
rator may  be  taken  to  be  as  inexpensive  in  work- 
ing as  any,  but  the  deterioration  of  the  silver  plate 
raises  its  cost  to  something  much  higher  than  that 
of  the  Daniell  or  carbon-and-zinc  bichromate  cells. 
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Five  shillings  a  year  may  be  reckoned  as  about  the 
cost  of  silver  in  a  very  large  Smee  cell.  The 
Daniell  cell  might,  however,  exhibit  an  equal 
expense  for  porous  pots,  if  carelessly  attended  to. 
But  apart  from  the  silver  plates  and  porous  cells, 
the  question  turns  upon  the  consumption  of  zinc 
and  sulphuric  acid,  these  being  the  two  chief  sub- 
stances used  in  most  voltaic  batteries. 

Absolutely  correct  working  is  never  attained ; 
indeed,  it  would  be  easy  to  prove  that  from  the  very 
nature  of  the  operation  of  batteries  it  never  can  be 
attained  ;  but  we  can  still  determine  within  narrow 
limits  the  amount  of  copper  which  we  ought 
reasonably  to  expect  to  realise  by  the  expenditure 
of  a  pound  of  zinc  and  acid  in  the  battery.     For 

every  equivalent  of    zinc  (-^  =  32*5  parts)  and 

every  equivalent  of  sulphuric  acid  /—  =  49  parts  j 

expended  in  the  battery,  we  should,  theroetically, 

be  able  to  obtain  one  equivalent! -^=  3175  parts) 

of  copper  in  the  electrotype.  Thus  one  pound  of 
zinc  (nearly)  should  give  us  one  pound  of  copper, 
but  the  usual  consumption  in  the  best  batteries 
now  used  exhibits  a  discrepancy  of  nearly  half  a 
pound ;  hence  from  one  and  a  quarter  to  one  and  a 
half  pounds  of  zinc  will  be  consumed  to  each  pound 
of  copper  deposited,  besides  the  consumption  or 
absorption  of  sulphuric  acid  in  due  proportion. 

It  may  readily  be  deduced  from  these  observa- 
tions that  the  deposition  of  one  pound  of  copper 
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will  cost  US,  with  zinc  at  fourpence  per  pound  and 
sulphuric  acid  at  three  half-pence,  about  sixpence 
for  electricity  alone.  Thus  the  total  cost  of  an 
electrotype  plate  by  battery  current,  weighing  one 
pound,  would  not  be,  and  in  practice  is  not,  less 
than  two  shillings.  By  dynamo-electric  machines 
the  cost  would  probably  be  less  than  one  shilling 
and  sixpence. 

Thermo-Electric  Batteries.— In  several  in- 
stances where  heat  is  either  obtainable  without 
expense  or  at  a  merely  nominal  cost,  thermo-elec- 
tric batteries  are  employed,  especially  in  France, 
with  advantage.  In  the  practice  of  the  art  on  a 
large  scale,  however,  the  first  cost  of  the  thermo- 
electric piles  places  them  in  a  position  inferior  to 
that  occupied  by  voltaic  batteries  or  dynamo-elec- 
tric machines. 

Principles  of  the  Action  in  Thermo-Electric  Batteries. 
— When  two  dissimilar  metals  are  placed  so  as  to 
touch  each  other,  their  opposite  extremities  being 
connected  together  by  a  wire,  a  current  of  electricity 
will  pass  through  the  wire  so  long  as  heat  is  applied 
to  their  point  of  contact.  If  the  opposite  extremities 
are  artificially  cooled,  the  current  will  prove  more 
vigorous.  This  forms  a  thermo-electric  pair,  and  in 
most  respects  it  resembles  a  voltaic  pair.  A  com- 
bination of  two  or  more  pairs  forms,  as  usual,  a 
thermo-electric  battery. 

The  metals  which  have  been  found  to  exhibit 
this  property  in  the  greatest  degree  are  bismuth 
and  antimony.     Bismuth  is  found  to  be  the  positive 
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metal  of  the  pair,  and  the  current,  therefore,  passes 
across  the  heated  junction  to  the  antimony,  which 
is  negative.  These  metals,  however,  offer  certain 
disadvantages  in  the  construction  of  thermo-electric 
batteries,  and  have  been  replaced  by  others  in 
various  types  of  construction. 

Clamo7td's  Thermo  -  Electric  Battery.  —  This  is 
probably  the  best  and  most  compact  pile  yet  intro- 
duced ;  and  where  gas,  whether  from  coal  or  light 
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Fig.  6. — Iron  Plate  of  Thermo-  Fig.  7.— Thenno-Electric  Circle. 

Electric  Battery. 

hydrocarbons,  is  cheap,  it  may  be  employed  with 
advantage. 

The  metals  used  by  M.  Clamond  are,  for  the  posi- 
tive, ordinary  tinned  sheet  iron,  and  for  the  negative, 
an  alloy  of  antimony  two  parts,  zinc  one  part.  Each 
element  is  made  up  from  a  flat  thick  bar  of  the  alloy 
(usually  three-fourths  of  an  inch  thick,  according  to 
the  size  of  each  element)  about  three  inches  long, 
to  which  is  connected  in  the  casting,  at  one  end, 
a  flat  strip  of  the  tinned  iron,  which  (Fig.  7)  extends 
outwards  to  the  opposite  extremity  of  the  bar,  but 
is  not  connected  to  it.  Several  of  these  pairs  are 
arranged  in  a  circle  on  a  temporary  frame,  all 
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their  junction  ends  being  towards  the  centre,  while 
the  free  end  of  each  tinned-iron  strip  is  connected 
to  the  end  of  the  bar  succeeding  it.  In  this 
manner  a  circle  of  elements  is  connected  together 
in  a  way  similar  to  the  joining  up  of  batteries  in 
series  (Fig.  7). 

Several  of  these  circles  are  laid  one  above  the 
other,  the  separation  between  them  being  formed 
by  a  coating  of  powdered  abestos  and  a  solution  of 
silicate  of  potash.  When  the  pile  is  thus  built  up 
it  is  secured  by  cast-iron  rings  and  connecting 
rods  in  a  compact  form.  The  elements  are  ar- 
ranged like  the  spokes  of  a  wheel,  so  as  to  give 
free  effect  to  radiation.  The  central  aperture 
common  to  all  the  layers  of  element  rings  is 
utilised  as  a  chamber  in  which  the  junctions  may 
be  heated  by  gas. 

A  perforated  tube  of  porcelain  ascends  into  the 
chamber.  The  gas  is  passed  into  the  tube,  mixed 
with  air,  bums  in  blue  jets  through  the  perforations, 
and  keeps  the  junctions  of  the  elements  at  a 
uniform  temperature  (Fig.  8). 

These  piles  are  obtainable  commercially.  One 
of  the  large  ones,  burning  ten  cubic  feet  of  gas  per 
hour,  will,  the  inventor  states,  when  coupled  for 
quantity,  deposit  about  one  ounce  of  copper  per 
hour.  This,  of  course,  refers  to  copper  deposited 
upon  a  metallic  anode,  and  certainly  cannot  be 
done  upon  blackleaded  moulds  at  half  this  speed. 
The  inventor  gives  the  electro-motive  force  of  the 
100  bar  pile  as  5  volts,  when  coupled  for  quantity. 
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This  is  a  very  good  result,  and  as  the  internal 
resistance  is  only  a  little  over  i  ohm,  it  will  be 
observed  that  such  a  thermo-electric  battery  is 
equal  theoretically  to  about  four  Smee  cells  of  two- 
gallon  size,  coupled  in  series. 


Fig.  8. — Section  of  Clamond's  Thermo-Electric  Battery- 

Noe's  Thermo-E lecfrtc  Pile  consists  of  small 
cylinders  of  an  alloy  of  zinc  and  antimony  as  posi- 
tive, and  rods  of  German  silver  as  the  negative 
element.  Mr.  Gore,  F.R.S.,  who  has  made  some 
experiments  with  these  piles,  reports  in  their  favour, 
stating  that   twenty  of  the  pairs  yield   a  current 
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and  electro-motive  force  equal  to  one  Bunsen  cell 
of  about  quart  size.  This  combination  would 
thus  deposit  about  twenty  grains  of  copper  per 
hour. 

Although  electroplaters  and  typers  have  taken 
up  these  piles  and  have  tried  them,  it  has  not  been 
done  with  that  vigorous  spirit  of  progress  which 
would  lead  their  inventors  to  devote  renewed 
energies  to  their  improvement.  There  can  be  no 
doubt  that  these  piles  can  be  very  materially  im- 
proved and  diminished  in  first  cost  if  the  users  of 
batteries  would  only  give  their  inventors  encourage- 
ment. 

The  chief  advantage  of  the  thermo-electric  battery 
lies  in  the  fact  that  once  set  up  carefully  it  needs 
little  or  no  attention,  as  the  gas  has  only  to  be 
turned  on  and  ignited  to  set  it  in  action.  It  has 
not,  to  the  author's  knowledge,  beefi  determined  to 
what  extent  these  generators  deteriorate  by  long 
continued  use,  but  it  is  sufficiently  clear  that, 
although  higher  in  first  cost  than  batteries,  they 
promise  well  to  be  a  cheaper  and  cleaner  source  of 
electricity. 

Dynamo -Electric  Machines.  —  These  ma- 
chines, although  they  are  frequently  indispensable 
in  the  deposition  of  large  weights  of  copper,  and  in 
the  abstraction  of  that  metal  from  ore,  will  pro- 
bably never  wholly  replace  voltaic  or  thermo- 
electric generators,  because  to  actuate  them  either 
steam-power  or  its  equivalent,  as  gas  engines  or 
water    motors,  must    be    employed.    Very  many 
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electrotypers  are  unable  to  obtain  or  afford  this. 
The  cost  of  depositing  copper  by  the  dynamo- 
electric  machine  is  very  low,  which  soon  repays 
the  first  cost  of  the  machine  in  establishments 
where  plenty  of  work  can  be  constantly  provided. 


Fig.  9.— Gramme's  large  Machine. 

Thus  a  good  machine,  requiring  the  driving  power 
of  a  small  gas  engine,  or  from  two  to  three  horse- 
power, may  be  made  to  work  two  or  more  vats  of 
solution  at  once,  the  current  being  divided  between 
them  in  the  ratio  of  their  resistances. 
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All  the  dynamo-electric  machines  mentioned  in 
this  volume  (p.  87)  yield  a  very  strong  current,  and 
may  be  made  to  produce  numbers  of  electrotypes 
with  great  rapidity.  Some  of  the  machines  pro- 
duce currents  equal  to  those  from  thirty  large 
Bunsen  cells.  In  the  frontispiece  are  represented 
Maxim's  and  Weston's  machines,  adapted  for 
electro-typing.  Figs.  9,  10,  and  11,  represent 
Gramme's  large  and  small  machines  and  Wilde's 
long-armature  machine. 

Provided  that  there  is  an  abundance  of  work  to 
do,  there  is  no  more  economical  source  of  the  large 
currents  required  than  a  good  dynamo-electric 
machine.  The  first  cost  varies  from  ^40  to  ^100, 
and  upwards.  This  is  speedily  recovered  when 
the  apparatus  can  be  kept  at  full  work.  The  cost 
of  maintenance,  apart  from  motive  power,  is  a  mere 
trifle,  as  nothing  is  consumed  in  the  action. 

The  currents  produced  by  these  machines  are 
derived  from  electro-magnetic  force ;  they  are,  in 
short,  the  effect  of  the  motive  power  expended,  as 
current  electricity.  A  full  statement  and  explana- 
tion of  their  action  will,  however,  be  found  in  the 
author's  treatise  on  "  Electric  Light "  (Lockwood  & 
Co.),  to  which  the  reader  is  referred  for  special 
information  respecting  them.  Much  care  should 
be  devoted  to  the  selection  of  a  dynamo-electric 
machine  to  suit  the  work  to  be  done.  Some  general 
directions  will  be  found  respecting  this  in  the 
present  section  of  this  volume. 

Establishing  a  Dynamo-Electric  Machine^ — ^Ma- 
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chines  which  require  from  three  to  ten  horse-power 
to  drive  them  are  usually  of  a  heavy  description, 
and  should  be  bolted  either  to  wood  beams  secured 
to  the  earth  or  to  masonry ;  the  chief  point  is  to 
secure  a  reliable  fixture  for  such  heavy  machines, 
so  that  the  vibration  attendant  upon  high  speeds 


Fig.  10. — Gramme's  small  Machine. 

may  be  reduced  to  a  minimum.  Much  care  must, 
however,  be  taken  to  set  the  machine  in  a  dry 
situation,  because  damp  not  only  attacks  its  naked 
iron  work,  but  frequently  penetrates  and  injures 
the  insulating  covering  of  the  wires.  Smaller 
machines  than  the  sizes  above  specified  may  ad- 
vantageously be  fixed  securely  to  a  raised  bench 
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near  to  a  wall,  or  to  a  stout  wooden  framework 
raised  two  or  three  feet  from  the  floor  level ;   it  is 


l?'ig.  11.— 'Wilde's  Machine — End  Elevation. 

important,  however,  to  avoid  a  weak  base-work  as 
much  as  possible,  because  a  shaky  machine  frame 
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frequently  sets  the  whole  workshop  into  violent 
vibration,  besides  giving  rise  to  much  noise. 

Most  machines  are  simply  provided  with  a  fast 
pulley,  so  that  in  cases  where  the  necessary 
counter- shaft  is  not  sold  with  the  machine,  as  in 
Gramme's  apparatus,  it  is  necessary  to  select  a 
fast  and  loose  pulley  arrangement,  of  a  size  suited 
to  give  the  required  number  of  revolutions  per 
minute  to  the  machine.  Broad  and  well-stretched 
bands  should  be  employed,  so  that  the  tendency  to 
slip  may  be  reduced  to  a  minimum.  The  number 
of  revolutions  given  by  the  main  shaft  or  engine 
should  be  calculated  in  relation  to  that  run  by  the 
counter-shaft,  and  the  relative  sizes  of  both  pulleys 
should  then  be  considered  to  give  the  stated  num- 
ber of  revolutions  as  an  average,  while  the  machme 
is  at  full  work  depositing  copper. 

Motors  for  Dyfiamo  -  Electric  Machines.  —  The 
steam-engine  is  the  best  and  cheapest  motor  for 
these  machines,  but  both  gas  engines  and  water- 
motors  are  used.  The  chief  peculiarity  of  the 
dynamo-electric  machine  is  that  to  secure  steady 
currents  it  must  be  driven  steadily.  This,  however, 
in  electro-typing  may  to  a  certain  extent  be  over- 
looked. A  gas  engine  which  is  not  a  very  steady 
motor  answers  the  purpose;  those  of  Crossley 
Bros,  are,  probably,  the  best  yet  tried.  Both  gas 
and  steam-engines  should  have  a  good  margin  of 
power  over  that  absolutely  required  for  driving 
the  machine. 

In  many  cases  the  machines  may  be  situated 
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near  to  a  neighbour's  engine,  and  the  conductors 
led  into  the  electro-typing  room.  This  is  frequently- 
done.  Sometimes  the  machine  is  fixed  in  a  build- 
ing 300  yards  away,  and  the  conductors  led  over 
the  roofs,  or  along  walls,  to  the  depositing  room. 
;Most  owners  of  steam-power  have  a  sufficient  mar- 
gin of  force  to  drive  one  or  two  machines,  and  the 
trouble  is  nothing,  because  the  machine  requires  no 
attention  except  oiling  and  examination  of  the 
commutator  every  two  days,  while  the  cost  to  the 
electrotyper  would  be  but  a  fraction  of  that  neces- 
sary for  the  maintenance  of  batteries.  Most  news- 
paper engines  are  idle  throughout  the  day,  and 
many  of  them  are  hired  for  the  driving  of  these 
machines,  or  employed  by  the  owners  themselves 
in  this  way. 

Care  of  Dynamo-Electric  Machines. — ^The  first  and 
most  important  precaution  to  be  observed  in  the 
use  of  these  machines  is,  never  allow  them  to  rufi  on 
short  circuity  because  the  excessive  heat  immediately 
produced  in  the  coils  frequently  ruins  the  insu- 
lation. 

The  only  other  observances  are,  attention  to  the 
collecting  brushes  and  oiling. 

The  brushes  are  two  bunches  of  copper  wire  or 
sheet,  fixed  in  holders,  and  pressing  at  opposite 
diameters  upon  the  revolving  commutator-cylinder 
of  the  machine.  These  brushes,  by  sparking  and 
use,  become  worn,  and  must  be  slid  further  through 
the  holder  when  required.  The  pressure  upon  the 
revolving  cylinder  should  not  be  greater  than  is 
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absolutely  necessary  to  collect  the  currents  without 
much  sparking.  Sperm  oil  should  be  used  to 
lubricate  the  revolving  cylinder,  otherwise  it  will 
get  cut  up  by  the  brushes,  and  much  dust  will  be 
thrown  off.  The  copper  powder  produced  by  wear 
should  be  wiped  oif  the  cylinder  frequently. 

The  lubricating  arrangements  usually  consist  of 
needle  oil  cups,  or  ordinary  syphon  lubricators,  and 
need  no  attention,  but  to  be  constantly  supplied 
with  sperm  oil,  free  from  grit.  Owing  to  the  high 
rate  of  speed,  much  care  is,  of  course,  necessary  to 
avoid  allowing  the  oil  cups  to  run  dry,  or  the  oil- 
ways  to  get  clogged  up. 

Regulation  of  Dynamo-Electric  Currents. — In  a 
large  electro-plating  or  electro-typing  establish- 
ment where  a  number  of  vats  are  employed,  one 
machine  is  frequently  arranged  to  supply  them  all. 
The  arrangements  should  be  somewhat  as  fol- 
low : — The  vats  should  be  ranged  along  one  wall 
of  the  shop,  at  equal  distances  apart.  The  dynamo- 
electric  machine  should  either  be  fixed  on  the  floor 
just  behind  the  central  vat,  or  to  a  raised  standard 
above  it.  The  main  conductors  should  consist  of 
two  stout  copper  rods  or  tubes,  insulated  from  the 
wall  by  being  fixed  in  dry  wood  brackets,  and 
should  extend  from  one  end  of  the  wall  to  the 
other.  The  conductors  from  the  machine  should 
be  stout  copper  straps,  screwed  separately  to  the 
main  rods.  From  each  vat  should  extend  a  pair  of 
electrodes  fixed  to  the  main  rods,  to  conduct  the 
current  to  the  anodes  and  cathodes.     By  a  little 
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judicious  care  in  arranging  the  sizes  of  vats  and  in 
laying  out  the  resistance  to  be  overcome,  the  cur- 
rent may  be  made  to  pass  into  each  vat  in  the  ratio 
of  the  size  of  its  anode. 

Resistance  Coils  and  Shunts  for  Dyna7no- Electric 
Machines. — ^With  most  machines  suitable  for  electro- 
deposition  sets  of  resistance  coils  or  boards  are 
supplied.  These  are  designed  so  as  to  pass  from 
the  full  current  to  any  required  fraction  of  it, 
suitable  for  the  largest  plates  and  the  smallest 
electrotype.  They  act  either  by  shunting  ^^diXt  of  the 
current  by  means  of  a  short  circuit  wire,  or  by  re- 
sistance to  the  current.  It  is  obvious  that  when  the 
machine  is  working  through  an  added  resistance  in 
this  way  it  costs  as  much  as  if  it  were  in  full  work, 
and  therefore  it  is  more  economical  to  work  by- 
means  of  shunts,  which  allow  the  required  amount 
of  the  total  current  to  pass  back  to  the  machine 
without  entering  the  depositing  vessel. 

Some  electro-depositors,  on  the  other  hand,  allow 
the  full  current  to  enter  the  vat,  and  to  compensate 
for  its  excessive  strength  place  the  anode  and 
cathode  further  apart  than  usual.  This,  it  will  be 
observed,  is  but  another  way  of  reducing  the  cur- 
rent by  means  of  resistance  ;  it  tends  to  heat  the 
solution,  and  as  the  full  current  is  used,  the 
machine  is  as  costly  to  drive  as  if  the  current  were 
fully  utilised. 

Reversal  of  Polarity  in  Dynamo-Electric  Machines. 
— When  a  machine  has  been  depositing  copper 
upon  an  electrotype,  and  is  stopped   without  re- 
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moving  the  latter  from  the  bath,  or  disturbing  the 
circuit  in  any  way,  a  counter  electro-motive  force  is 
often  set  up  in  the  bathy  startitig  from  the  electrotype 
to  the  anode.  This  small  current  may  last  for  a 
short  time  only,  but  it  is  frequently  sufficient  to 
reverse  the  magnetic  polarity  or  tendency  of  the 
machine.  The  result,  when  the  machine  is  again 
started,  is  often  sufficiently  disastrous,  inasmuch 
as  the  current,  which  should  pass  from  the  aiiode 
into  the  vat,  does  so  by  the  cathode  and  re-dis- 
solves it.  Thus  some  of  the  best  work  may  be 
destroyed.  The  facility  with  which  the  magnetic 
polarity  of  a  machine  may  be  reversed  is  explained 
when  it  is  understood  that  the  magnetism  it  depends 
upon  for  starting  the  current  is  merely  the  residual 
traces  of  magnetism  left  in  the  iron  field  magnets, 
so  that  a  very  weak  current  may  reverse  it. 

To  obviate  the  possibility  of  this  occurring  many 
devices,  more  or  less  clumsy  and  useless,  have  been 
invented ;  as  a  general  rule  they  fail  just  when 
they  ought  to  act,  and  are  thus  worse  than  useless. 
All  that  is  really  necessary  is  a  device  for  throwing 
open  the  vat  circuit  as  soon  as  the  machine  ceases 
to  revolve.  The  author  has  successfully  employed 
for  this  purpose  a  very  simple  arrangement  (Fig.  12), 
which  never  fails  to  act,  and  may  likewise  be  used 
as  a  circuit-interrupter.  It  consists  of  a  cylin- 
drical piece  of  iron,  «,  i  by  3  inches,  with  a  few 
turns  of  No.  10  copper  (insulated)  wire  wound  upon 
it.  This  electro-magnet  is  screwed  to  the  base  of 
the  machine,  or  to  a  piece  of  iron  bar,  bent  as 
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shown  at  b.  A  stout  iron  arm,  c,  fitted  at  one  end 
with  a  flat  spring,  //,  is  mounted  above  the  magnet 
so  as  to  be  attracted  by  it  against  the  spring  when 
a  current  passes.  The  free  extremity  of  the  arm, 
when  attracted  by  the  magnet,  butts  against  a  brass 
stud,   e.    The   conductor  from   one   screw  of  the 
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Plan. 

Fig.  12.— Safety  Current  Interrupter. 

machine  is  connected  to  the  arm,  and  to  the  brass 
stud  ^,  one  end  of  the  magnet  helix  is  made  fast ;  the 
remaining  end  of  the  helix  leads  as  one  pole  of  the 
circuit  to  the  vat.  The  whole  forms  a  simple  kind 
of  electrical  interrupter,  with  a  resistance  of  about 
1 00th  of  an  ohm,  or,  practically,  nothing;  which 
signifies  that  it  acts  as  no  hindrance  to  the  current. 
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Normally,  the  arm  butts  against  a  piece  of  ebonite 
fixed  above  e.  It  will  now  be  apparent  that  if,  under 
those  conditions,  the  dynamo-electric  machine  be 
set  in  motion,  it  cannot  begin  to  pass  a  current  into 
the  vat,  or  even  give  rise  to  one,  because  its  circuit 
is  open.  This  may  be  considered  a  great  advantage 
in  itself,  because  no  action  can  take  place,  if  so 
required,  in  the  absence  of  the  attendant,  and  the 
current  cannot  begin  to  pass  until  he  presses  down 
the  arm.  It  will  be  observed  that  when  the  arm  is 
pressed  down  to  start  the  current  its  end  touches 
the  brass  post  and  completes  the  circuit ;  the  self- 
same action  makes  the  iron  column  magnetic,  and 
it  retains  the  arm  in  the  required  position  so  long 
as  the  current  continues  to  pass  without  an  inter- 
ruption. But  when  the  machine  is  brought  to  a 
standstill  its  current  fails,  the  arm  is,  of  course,  re- 
leased by  the  now  weakened  electro-magnet,  and 
the  circuit  is  without  fail  thrown  open,  and  is  safe 
enough,  because  no  counter  action  from  the  bath  can 
possibly  enter  the  machine  to  reverse  its  polarity. 

This  arrangement  is  covered  by  no  patent,  and 
may  be  freely  adopted  by  the  reader.  Its  chief 
object  is  to  render  the  throwing  open  of  the  circuit 
a  certainty,  in  the  simplest  way,  most  easily  con- 
trolled. It  may,  in  the  case  of  the  machine  being 
fixed  at  a  distance  from  the  electro-typing  room, 
be  fixed  at  any  part  of  the  circuit,  preferably  to 
the  bench  or  wall  near  to  the  anode  end  of  the  vat, 
so  as  to  be  near  at  hand.  It  will  be  observed  that 
should  the  circuit  be  opened  by  accident,  even  for 
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an  instant,  the  interrupter  will  rise  and  render  its 
re-formation  impossible  without  the  knowledge  ot 
the  operator  responsible  for  the  work. 

In  one  patented  device  of  the  kind  alluded  to 
above,  a  vessel  of  mercury  is  caused  to  rotate  and 
to  make  contact  by  the  rise  of  the  metal ;  in  another, 
a  steam-engine  governor  with  heavy  balls  and 
complicated  mechanism  is  employed  for  the  same 
purpose. 

Dynamo- Electric  Machines  adapted  for  Electrotyp- 
ing. — ^The  machines  manufactured  byM.  Gramme, 
of  Paris,  are  in  many  respects  best  adapted  for  the 
purposes  of  the  electrotyper.  The  smallest  size 
is  in  length  18  inches,  breadth  14  inches,  and 
height  16  inches;  its  weight  is  i^  cwt. ;  it  should 
make  1,600  revolutions  per  minute.  When  ar- 
ranged by  the  maker  for  quantity,  it  yields  an 
electro-motive  force  equal  to  two  or  three  Bunsen 
cells  and  a  current  of  40.  The  power  with  which 
it  may  be  driven  may  be  taken  at  from  i  to  i^ 
horse-power.  Its  cost  at  present  is  from  ;^55  to 
;^6o,  but  the  prices  of  all  machines  are  falling. 
In  ordering  it  should  be  stated  that  the  machine 
must  exhibit  an  electro-motive  force  of  two  Bunsen 
cells  of  half-gallon  size,  and  a  quantity  of  about 
40.  This  is  called  arranged  for  quantity,  but  the 
same  machine  may  be  had  wound  for  tension.  The 
French  depot  is  in  Paris  (M.  Breguet,  81,  Boulevard 
Montparnasse).  For  fuller  information  concerning 
these  machines  the  reader  is  referred  to  pp.  104 — 1 1 7 
of  the  author's  "  Electric  Light." 
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Maxim's  machine  is  made  in  New  York  ;  it  is  in 
some  respects  similar  to  Siemens*  machine. 

Weston's  machine  is  well  adapted  for  the  depo- 
sition of  copper,  but  it  cannot  be  said  to  be  so 
economical  of  power  as  the  improved  Gramme 
and  Siemens'  machines.  The  cost  of  a  medium- 
sized  machine  is  ^60.  It  absorbs  about  2^  horse- 
power. The  French  agents  are  A.  W.  Kipling 
&  Co.,  55,  Boulevard  Saint  Martin,  Paris. 

Schuckert's  machine  is  the  Gramme  machine,  as 
spoken  of  above,  with  one  or  two  alterations  of  no 
moment.  It  is  used  in  one  or  two  establishments 
in  London. 

Wilde's  machine  (Henry  Wilde,  engineer,  Man- 
chester) has  been  extensively  used  for  all  kinds  of 
electro-deposition.  An  idea  may  be  formed  of  the 
power  of  those  magnificent  machines  when  it  is 
stated  that  one  of  them  (largest  size)  at  the  works 
of  Messrs.  Elkington,  near  Swansea,  deposits  four 
and  a  half  hundredweights  of  copper  in  twenty- 
four  hours.  They  are  specially  well  adapted  to 
service  where  the  work  is  unusually  large,  as  in 
the  deposition  of  copper  statues.  Many  of  the 
figures  which  adorn  the  Albert  Memorial  in  Hyde 
Park  were  deposited  by  Wilde's  machines.  (See 
"  Electric  Light,"  p.  93.) 

Siemens'  machine  (Siemens  Bros.,  12,  Queen 
Anne's  Gate,  London,  S.W.)  is  well  adapted  to  all 
purposes.  A  small  size  is  sold  at  ^60.  In  size 
and  weight  it  is  similar  to  Gramme's  small 
machine.    The  power  required  is  the  same. 
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Weston's  nkw  uynamo-elkctric  machine. 


[Seep.  88.] 
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Much  information  of  a  technical  character  which 
cannot  conveniently  be  embodied  here,  and  relat- 
ing to  all  kinds  of  machines,  will  be  found  at 
pp.  33 — 164  of  the  author's  treatise  on  "Electric 
Light." 

Measurement  of  Currents. 

The  practical  electrotyper  seldom  measures  his 
currents  in  the  true  sense  of  the  term.  He  roughly 
obtains  an  indication  of  the  strength  of  his  battery 
in  some  arbitrary  unit  of  his  own,  but  more  often 
by  means  of  a  kind  of  guesswork,  based  mainly 
upon  the  length  of  spark  his  circuit  will  yield  when 
the  two  wires  are  suddenly  separated,  or  by  means 
of  some  rough  surface  (as  a  file)  upon  which  one  of 
the  poles  may  be  rubbed  while  the  other  is  con- 
nected to  it.  He  also  frequently  places  the  extre- 
mities of  the  wires  upon  his  tongue,  and  can  form 
some  opinion,  within  wide  limits,  whether  his 
current  is  abnormally  weak  or  strong. 

Although  these  rough-and-ready  means  of  guess- 
ing at  the  strength  of  the  current  are  not  to  be 
recommended  to  those  who  would  advance  in  the 
art  beyond  mere  manipulatory  skill,  they  are, 
nevertheless,  not  to  be  despised.  Some  of  the 
most  remarkable  electrotypes  yet  produced  have 
been  deposited  by  electrotypers  who  never  used 
an  instrument  for  measuring  electrical  currents. 

An  instrument  for  detecting  the  presence  of  a 
current  is  represented  in  Fig.  13.     It  is  a  simple 
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galvanometer  and  is  suitable  for  rough  work. 
Under  the  name  of  "telegraph  detector,"  it  is 
obtainable  commercially. 

The  strength  of  a  current  means  its  iuork-p(nvcr. 
Thus,  a  current  that  will  deposit  two  ounces  of 
copper  per  hour  is  just  twice  as  strong  as  one 
which  will  deposit  only  one  ounce  per  hour.  The 
recognised  electrical  unit  of  current  is  termed  the 
farad ;  it  is  likewise  known  as  a  weber  or  veber, 

which  is  the  term  used  by 
Mr.  Latimer  Clark  in  his 
"  Electrical  Measurement," 
and  throughout  this  work. 
Its  actual  physical  signi- 
ficance must  be  studied  in 
some  such  treatise  as  Jen- 
kin's  "  Electricity  and 
Magnetism ; "  what  we 
have  to  do  here  is  to  give 
some  idea  of  its  magnitude 
as  expressly  applicable  to 
the  requirements  of  the  electro-depositor. 

A  Weber  per  second  is  about  equal  to  the  current 
given  by  a  Daniell  cell  of  large  size  through  a 
small  resistance.  This  current  will  deposit  about 
seventeen  grains  of  copper  per  hour  when  the  total 
resistance  is  one  ohm. 

The  Ohm. — ^This  is  the  unit  of  resistance  to  the 
current.  Some  idea  of  its  magnitude  may  be 
gathered  from  the  fact  that  485  metres  of  pure 
copper  wire  i  millimetre  in  diameter  at  32°  F.  would 
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offer  a  resistance  of  one  ohm.  Or  we  may  roughly 
take  6  feet  of  No.  36  Birmingham  wire-gauge 
pure  copper  wire  as  about  equal  to  one  ohm.  The 
internal  resistance  of  a  Daniell  cell  of  about  two- 
gallon  capacity  is  sometimes  rather  less  than  one 
ohm. 

The  Volt. — This  is  the  unit  of  electro-motive 
force,  or  the  intrinsic  pushing  power  of  the  battery. 
Some  idea  of  its  magnitude  may  be  gathered  from 
the  fact  that  a  Daniell's  cell  is  frequently  taken  as 
about  equal  in  tension  to  one  volt,  but  the  real 
foice  is  1*079  volt. 

It  will  be  particularly  observed  that,  although 
these  rough  definitions  of  the  electrical  units  are 
given  here  to  aid  the  reader,  their  real  meaning 
should  be  sought  in  a  good  text-book  of  electricity. 
The  methods  by  which  electro-motive  force  is  deter- 
mined should  also  be  sought  there.  At  p.  67  a 
list  of  the  forces  of  the  different  cells  employed  in 
electro-typing  will  be  found,  and  a  comparative 
list  at  p.  63. 

The  internal  resistances  of  cells  cannot,  of  course, 
be  definitely  given,  as  they  depend  upon  the  size 
of  the  plates  and  upon  the  conductive  power  and 
thickness  of  the  liquids  within  the  cells.  A  com- 
parative and  probable  list  of  internal  resistances 
will  be  found  at  p.  67,  but  all  such  figures  must 
be  accepted  with  much  caution,  because  they  are 
apt  to  be  very  wide  of  the'mark. 

The  current  or  actual  quantity  of  electricity 
passing  may,  however,  be  determined  in  an  abso- 
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lute  unit,  or  more  conveniently  in  an  arbitrary  unit 
for  use  comparatively.  These  measurements  may 
be  made  either  by  a  galvanometer  or  a  voltameter. 

The  Galvanometer  is  an  instrument  based  upon 
the  property  of  the  current  to  deflect  a  parallel 
magnetic  needle  to  a  position  at  or  about  right 
angles  to  it.  Thus,  if  a  magnetized  needle,  or 
a  compass  needle,  centrally  supported  or  hung, 
be  brought  near  to  a  parallel  current  wire,  it  will 
immediately  deflect  from  its  position  to  an  extent 
dependent  upon  the  strength  of  the  current.  Thus  a 
weak  current  might  deflect  a  needle  5  degrees, 
while  a  current  twice  as  strong  would  deflect  it 
about  9  degrees. 

It  will  thus  be  observed  that  the  current  strength 
cannot  be  read  direct  from  these  galvanometers,  as 
a  deflection  of  30  degrees  does  not  signify  that  the 
current  passing  is  only  twice  as  strong  as  a  current 
giving  15  degrees.  The  strengths  producing  the 
deflections  are  something  approaching  to  the  ratio 
of  the  tangents  of  the  angles  ;  but  no  definite  infor- 
mation can  be  obtained  from  ordinary  galvano- 
meters unless  their  dials  have  been  graduated  by 
being  compared  with  a  tangent  or  sine  galvano- 
meter, the  only  instruments  of  this  class  capable  of 
affording  results  which  can  be  measured. 

The  mathematical  explanation  of  the  method  by 
which  readings  from  the  tangent  galvanometer 
may  be  corrected  is  to  be  found  in  most  text-books 
of  electricity.  The  instrument  itself  {Fig.  14)  con- 
sists of  a  circle  of  strap  copper  or  brass  about  a 
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foot  in  diameter.  The  extremities  of  this  hoop  are 
furnished  with  connecting  screws.  In  the  centre  of 
the  circle  is  placed  a  small  magnetic  needle,  usually- 
furnished  with  a  style  or  pointer  of  some  light  sub- 
stance, such  as  coloured  glass  or  aluminium.  The 
copper  circle  is  placed  in  a  vertical  plane,  and 
the  small  magnetic  needle  occupies  an  horizontal 
one  over  a  graduated 
card.  The  needle  being 
small  when  compared  with 
the  inducing  circuit,  the 
result  is  that,  lying  in 
any  direction,  the  needle 
holds  the  same  relative 
position  to  the  disturbing 
powers  of  the  ring ;  so  that 
the  error  of  long  needles, 
which  applies  to  common 
galvanometers,  is  here  al- 
most entirely  eliminated, 
and  therefore  the  indica- 
tions obtained  are,  as  the  tangents  of  the  angles^ 
read  from  the  dial. 

But  even  tangent  galvanometers  cannot  be  used 
to  obtain  measurements  in  absolute  units  until  they 
have  been  compared  with  a  standard  instrument  or 
with  the  results  obtained  from  the  voltameter. 

The  Voltameter  usually  consists  of  a  glass  vessel 
partly  filled  with  acidulated  water.  Two  small 
platinum  plates  are  placed  near  to  each  other  in 
the  liquid,  and  are  connected  by  wire  to  external 


Fig.  14. — Tangent  Galvanometer. 
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binding  screws.  When  the  current  to  be  measured 
is  passed  the  water  begins  to  decompose,  and  the 
gases,  oxygen  and  hydrogen,  are  collected  by 
means  of  a  tube,  or  they  may  be  allowed  to  ascend 
into  two  graduated  glass  tubes  (Fig.  15),  so  that 
their  volumes  may  be  measured.  The  unit  of  cur- 
rent may  be  taken  as  that  which  will  give  off  one 
cubic  centimetre  of  gas  per  minute.  Double  the  cur- 
rent, and  the  flow  of  gas  will  be  doubled  also.  The 
work-power  of  the  current  is  ex- 
pended in  the  decomposition.  One 
weber  per  second  will  decompose 
•00142  grains  of  water.  This  in- 
strument is  exceedingly  useful  to 
the  electro-depositor ;  it  is  low  in 
first  cost,  or  may  easily  be  made 
by  himself;  it  is  understood  with 
ease,  set  in  action  quickly,  and 
when  a  graduated  tube  is  provided, 
from  which  the  gas  may  displace 
the  water  as  it  ascends,  the  trouble 
is  reduced  to  a  minimum.  An  element  of  error 
— which,  however,  is  insignificant  under  ordinary 
circumstances — is  introduced  when  the  current 
is  much  weakened  by  the  resistance  of  the  volta- 
meter. 

The  voltameter  is  not  well  suited  for  measuring 

currents   from  one  cell  only;   two   or  more   cells 

are  usually  required  to  decompose  the  acidulated 

water. 

A  small  coppering  cell,  with  plates  which  can  be 


Fig.  15.— Volta- 
meter. 
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weighed,  will  answer  every  purpose,  whether  one 
or  more  cells  be  used. 

Ordinary  Galva?tomclers  are  simply  magnetic 
needles,  variously  hung  and  supported,  around 
which  coils  of  wire  are  wound,  leaving  a  chamber 
for  the  needle.  The  circuit,  for  use  in  electro-depo- 
sition, should  offer  little  resistance.  Ten  or  twelve 
turns  of  No.  16  silk-covered  copper  wire  will  usually 
answer  very  well.  The  length  of  the  coil  should  be 
such  as  to  allow  the  needle  free  motion  within  it. 
The  needle  should  carry  a  pointer,  moving  over  a 
graduated  dial.  Equal  deflections  upon  the  same  in- 
strument always  indicate  equal  currents  ;  but  it  must 
be  remembered  that  the  degrees  have  no  real  mean- 
ing in  relation  to  units.  Many  of  these  instruments 
have  two  circuits — a  long  one  of  high  resistance 
for  weak  currents,  and  a  short  one  of  low  resist- 
ance for  stronger  currents.  The  deflection  in 
either  will,  in  most  cases,  have  to  be  reduced,  by 
means  of  a  shunt-wire,  to  a  convenient  angle. 
Differential  galvanometers  have  two  equal  circuits, 
and  the  two  currents  to  be  compared  are  passed 
through  the  instrument  in  opposite  directions.  If 
the  currents  agree  the  needle  will  not  deflect, 
because  the  force  tending  to  the  right  Is  equal  to 
that  tending  to  the  left ;  but  if  one  current  should 
be  stronger  than  the  other,  the  needle  would  deflect 
to  that  side.  It  is  impossible  here^  however,  to 
examine  the  different  kinds  of  work  which  may  be 
done  by  means  of  each  of  these  instruments.  The 
reader  is  again  referred  to  a  standard  text-book  for 
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more  extended  information.  Fig.  i6  represents  a 
very  sensitive  galvanometer  on  the  astatic  (double 
needle)  principle. 

Spragtie's  Galvanometer.  —  Mr.  J.  T.  Sprague 
patented,  in  the  year  i86g,  a  galvanometer  capable 
of  indicating  the  work-power  of  a  current  at  once 
upon  its  dial ;  by  its  aid  resistances  may  also  be 
indicated.  It  is  expressly  constructed  for  the  use 
of  electro-depositors. 


Fig.  16. — Astatic  Galvanometer. 


Fig.  17.— Bichromate  Testing  Battery, 


Fig.  17  represents  a  small  bichromate  cell  (p.  53), 
which  will  be  found  extremely  useful  i'n  various  tests. 

Measurement  of  Resistance. — A  few  remarks  on 
the  determination  of  the  internal  resistance  of 
batteries  and  of  depositing  solutions  may  not  be 
out  of  place,  while  they  may  encourage  the  reader 
to  more  correct  methods  of  working:  It  must  be 
observed,  however,  that  these  instructions  should 
be  followed  up  by  reference  to  some  such  work  as 
Sprague's  "  Electricity  "  or  Jenkin's  "  Electricity 
and  Magnetism  "  for  fuller  informationt 
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By  Ohm's  formula,  when  the  electro-motive  force 
and  current  are  known,  the  determination  of  the 
resistance  of  a  cell  is  as  follows : — 

E       -D        Electro-motive  force      „     . 

C  =  ^  ^^  QiTr^T =  Resistance. 

The  galvanometer  method  is,  however,  more 
generally  applicable  in  the  work  of  the  electro- 
depositor.  A  tangent  galvanometer  must  be  used. 
Connect  up  the  cell  through  such  a  (known)  resist- 
ance of  wire  as  will  produce  a  convenient  deflec- 
tion ;  add  known  resistance  until  the  current-value 
of  the  deflection  is  exactly  halved.  As  the  current 
is  halved  the  resistance  has  been  doubled,  and 
deducting  the  external  resistance  gives  the  in- 
ternal, or  we  may  simply  find  the  difference 
between  the  first  and  second  added  resistance, 
because  it  is  equal  to  that  of  the  cell.  These 
resistances  may  be  obtained  from  resistance  coils, 
in  Ohm's  units.  They  may  also  be  added  by 
means  of  Wheatstone's  rheostat,  the  wire  of  which 
should  be  graduated  to  read  ohms.  The  volta- 
meter, or  a  cell  in  which  copper  is  deposited,  may 
likewise  be  employed  to  measure  the  resistance 
of  a  circuit  exactly  as  if  it  were  a  galvanometer, 
except  that  gas  must  be  measured  or  the  copper 
weighed. 

In  all  such  work  the  operator  should  be  careful 

to  avoid  the  introduction  of  errors,  by  means  of 

leading  wires   too  thin   or  other  resistances  not 

usually  calculated.    Voltameters  for  large  currents 

may  have  plates  about  one  inch  square;  but  for 

H 
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small  currents  they  should  be  as  small  as  possible, 
graduating  down  to  mere  points.  The  work  of 
dynamo-electric  machines  may  be  measured  as 
given  above;  but  the  apparatus  should  be  larger 
and  less  liable  to  injury  by  the  current.  The  in- 
ternal resistance  of  a  dynamo-electric  machine  is 
seldom  so  great  as  one  ohm. 

The  usual  indicating  galvanometer  employed 
upon  dynamo-electric  machine  circuits  consists  of 
a  large  needle,  moving  freely  over  a  graduated 
half-circle.  The  base  of  the  instrument  is  simply 
pressed  against  the  leading  wire  from  the  machine ; 
no  coil  is  used.  This  forms,  of  course,  a  mere 
detector  of  the  current,  but  it  may  be  mentioned 
that  equal  deflections  indicate  equal  currents,  on 
this  as  on  other  galvanometers. 


CHAPTER    IV. 

The  Solutions. 

He  who  would  master  the  art  of  compounding 
and  successfully  working  an  electro  -  depositing 
solution  must  ground  his  experience  upon  the 
fundamental  principles  underlying  electrolysis. 
No  great  difficulty  is  presented  here;  an  hour  or 
two  of  intelligent  study  of  the  first  chapter  in  this 
volume  will  be  found  to  go  a  long  way  to  clear  up 
the  mystery  ordinarily  presented  to  the  electro- 
typer  in  treatises  on  electro-metallurgy.  Hence, 
to  pass  beyond  the  stage  of  "  knowledge "  de- 
signated by  the  words  "rule- of- thumb,"  the  electro- 
typer  should  strive  to  gain  a  firm  hold  upon  prin- 
ciples as  far  as  they  apply  to  the  practice  of  his 
art.  Apart  from  the  laws  of  the  current,  which 
should  be  intelligently  understood,  the  reader 
should  be  able  to  judge  of  the  following  points  in 
the  chemical  and  physical  constitution  of  a  solu- 
tion. 

It  is  of  the  first  importance  to  know  whether  the 
solution  is  really  an  electrolyte  (many  solutions 
are   not   electrolytes),   and   whether  its   chemical 
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composition  will  admit  of  the  deposition  of  its 
metal  in  the  malleable  state.  This  even  is  not 
enough  ;  it  must  also  possess  the  power  of  dis- 
solving the  anode  with  sufficient  freedom  without 
retarding  the  actual  current  or  redissolving  its 
cathode.  This  simply  means  that  it  must  contain 
a  given  amount  of  water,  free  alkali  or  acid  (as 
the  case  may  be.^^;  that  it  is  sufficiently  fluid  to 
allow  of  free  circulation ;  that  its  action  upon  the 
anode  shall  be  just  fast  enough  to  compensate  for 
the  loss  of  metal  deposited  upon  the  cathode  plate, 
and  that  its  temperature  is  correct  for  the  quality 
and  hardness  of  metal  required  and  the  current 
employed. 

Not  less  important  is  the  question  whether  it  is 
a  good  conductor  of  electricity ;  for,  although  this 
may  in  some  cases  be  allowed  for  by  regulating 
the  electro-motive  force  in  circuit,  a  solution  low 
in  conductive  power  is  a  constant  source  of  trouble 
and  expense  ;  it  also  becomes  unduly  heated,  and 
other  complications  arise,  which  render  the  free 
deposition  of  tough,  good  metal  very  difficult. 

Of  that  class  of  solutions  which  do  not  conduct 
electricity  (in  the  ordinary  sense  of  the  term)  tetra- 
chloride of  tin  may  be  cited  as  a  good  example ; 
such  solutions  cannot,  therefore,  be  called  electro- 
lytes. Nitrates  in  any  solution  render  the  de- 
position of  metal  almost  impossible,  because  of  the 
high  oxidizing  power  of  the  liberated  acid. 

The  best  solutions  in  use  are  those  in  which 
sulphates  and  cyanides  form  the  chief  element. 
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They  are  easily  made,  understood,  and  managed, 
and  are  all  good  conductors. 

Solutions  for  the  deposition  of  copper  may  be 
made  in  two  ways.  i.  The  salts  may  be  prepared 
or  provided  and  simply  dissolved  in  the  water 
with  a  percentage  of  sulphuric  or  other  acid ;  this 
is  known  as  the  chemical  method,  although  as 
applied  to  copper  solution  it  is  a  mere  mechanical 
mixing.  2.  The  battery  may  be  brought  into  use 
and  the  salts  formed  in  the  solution  from  the 
metal  by  its  aid.  This  is  known  as  the  battery 
method. 

Each  of  these  methods  has  its  advantages.  In 
the  practice  of  the  chemical  method  it  is  necessary 
first  to  prepare  the  ingredients,  which  should  be 
fresh  and  free  to  dissolve,  then  to  mix  them  in  the 
required  bulk  of  distilled  or  filtered  rain  water. 
The  battery  method  consists  in  employing  (say,  for 
a  copper  solution)  a  copper  plate  as  an  anode  in 
an  acidulated  mixture  (water  and  sulphuric  acid) 
and  another  plate  of  ordinary  metal,  but  preferably 
of  copper,  as  a  cathode.  A  current  from  a  cell 
or  two  is  now  passed  in  the  ordinary  way.  In  a 
short  time  a  sufficient  quantity  of  metal  will  be 
found  dissolved  off  the  anode,  and  when  the  solu- 
tion is  in  a  condition  for  working  a  deposit  will 
appear  upon  the  cathode.  If  the  anode  be  weighed 
before  being  placed  in  the  solution,  and  again  after 
the  current  has  dissolved  off  a  sufficient  weight  of 
the  metal,  the  true  ratio  which  must  exist  between 
the  amount  of  metal  and  volume  of  liquid  will  be 
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ascertained.  This  is  the  operation  of  nature,  and 
affords  a  most  instructive  lesson  in  the  art  of 
electro-deposition. 

Copper  Solution  for  the  Single-cell  Process. — A 
solution  for  the  single-cell  process  of  deposition 
(p.  25J,  suited  to  the  coating  of  most  metals  ex- 
cept steel,  iron,  and  zinc,  and  also  well  adapted 
for  the  production  of  small  electrotypes  from  car- 
bon-faced moulds,  consists  of  a  nearly  saturated 
solution  of  cupric  sulphate,  with  a  small  percentage 
(a  few  drops)  of  sulphuric  acid  added. 

Copper  Solution  for  the  Separate  Current  Process. 
— Prepare  a  saturated  solution  of  copper  sulphate, 
by  pouring  hot  water  on  the  crystals,  of  nearly  the 
bulk  required ;  add  to  this,  for  each  gallon  of  solu- 
tion, a  quart  of  water,  and  finally  stir  in,  for  each 
gallon  of  solution,  four  ounces  of  sulphuric  acid. 
In  the  preparation  of  the  solution  it  should  be 
noted  that  by  "  saturated "  is  signified  that  state 
of  the  liquid  when  it  will  not  dissolve  any  addi- 
tional salt.  The  crystals  may  be  dissolved  in  a 
separate  vessel,  and  then  poured  into  the  de- 
positing trough,  or  the  trough  may  be  nearly 
filled  with  warm  water,  and  the  crystals  dissolved 
into  it  from  a  few  muslin  bags  suspended  in  the 
liquid. 

The  water  employed  may  be  rain  water,  filtered ; 
but  in  cases  where  there  is  much  chance  of  bringing 
foreign  metals  into  the  liquid,  such  as  from  dust, 
&c.,  from  housetops,  it  will  be  found  better  to  use 
distilled  water.    All  water  used,  except  distilled, 
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should  be  filtered,  or  the  solution  may  be  filtered 
when  completed. 

This  solution  is  well  adapted  for  most  purposes 
of  the  electrotyper,  and  has  been  tested  repeatedly. 
It  will  deposit  well  upon  metals  or  blackleaded 
moulds,  and  will  be  found  to  dissolve  the  anode 
freely  while  the  current  is  passing.  Some  electro- 
depositors  use  a  much  larger  percentage  of  sul- 
phuric acid,  but  this  is  seldom  required,  except  in 
very  cold  weather.  Further  directions  for  the  care 
of  these  solutions  are  given  at  p.  105. 

Alkaline  Copper  Solutiott  for  Deposition  upon  Iron 
and  Zinc. — The  acid  solutions  are  not  adapted  to 
the  deposition  of  copper  upon  such  metals  as  iron, 
zinc,  pewter,  &c.,  because  these  are  attacked  by, 
and  combine  with,  the  acid  radical,  as  explained 
at  p.  16.  An  alkaline  solution,  which,  when  not 
aided  by  the  current,  has  no  effect  upon  these 
metals,  is  therefore  employed. 

It  may  be  made  by  the  battery  process  as  fol- 
lows : — Dissolve  six  ounces  of  good  quality  cyanide 
of  potassium  in  a  gallon  of  water,  place  this  in  the 
depositing  vessel,  and  pass  a  current  from  a  cell  or 
two  by  means  of  a  thick  anode  and  a  cathode  or 
receiving  plate  of  iron — in  short,  work  the  solution 
as  in  depositing  until  a  coating  of  copper  appears 
upon  the  cathode.  The  action  at  work  is  really 
the  slow  dissolution  of  the  copper  anode  by  the 
aid  of  the  current,  and  its  transformation  into 
cyanide  of  copper.  It  will  be  obvious,  however, 
that,  as  this  process  leaves  the  potash  of  the  com- 
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bined  cyanide  in  the  liquid,  it  is  not  so  well 
adapted  to  work  which  should  conduct  very  freely. 
The  potash  at  least  does  no  good. 

It  is  better  to  make  up  the  solution  chemically 
by  preparing  the  necessary  quantity  of  cyanide  of 
copper  as  follows : — Prepare  a  solution  of  copper 
sulphate,  and  also  one  of  cyanide  of  potassium ; 
add  the  latter  to  the  former,  when  a  copious  deposit 
of  copper  cyanide  will  take  place.  The  liquid 
should  be  poured  off  and  the  residue  washed, 
when  it  may  be  finally  dissolved  in  a  fresh  solution 
of  cyanide  of  potassium  (two  pounds  to  the  gallon) 
to  form  the  depositing  liquid.  As  the  cyanide 
of  copper  is  not  freely  soluble  in  the  potassium 
cyanide,  it  should  be  dissolved  to  saturation.  Free 
cyanide  should  be  afterwards  added  to  the  extent 
of  two  ounces  per  gallon.  This  will  promote  rapid 
working,  but  there  is  also  a  stronger  tendency  to 
give  off  hydrogen  at  the  cathode,  the  deposit  in 
which  may  contain  large  quantities  of  the  gas. 

This  solution  works  best  when  at  a  temperature 
of  about  1 00°  F.,  but  a  strong  current  will  throw 
down  its  metal  at  80°  F. 

Roseleur  recommends  a  solution  made  as  fol- 
lows : — Reduce  20  parts  of  acetate  of  copper  to 
powder,  and  rub  it  to  a  paste  with  a  little  water ; 
add  to  it  200  parts  of  water  containing  20  parts  of 
dissolved  washing  soda,  and  stir  the  mixture ;  a 
light  green  precipitate  is  formed ;  20  parts  of  bi- 
sulphate  of  sodium  are  now  dissolved  in  200  parts 
of  water,  and  the  solution  mixed  with  the  former 
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one ;  the  precipitate  becomes  dirty  yellow.  And, 
finally,  dissolve  20  parts  of  perfectly  pure  cyanide 
of  potassium  in  600  of  water,  and  add  it  to  the 
previous  mixture.  If  the  solution  is  not  quite 
colourless,  add  more  cyanide  until  it  is  so.  This 
liquid  may  be  used  either  hot  or  cold,  and  requires 
a  current  of  moderate  strength. 

Management  of  the  Solutions. — It  is  sometimes 
^ery  erroneously  supposed  that  a  solution,  when 
it  goes  into  work,  changes  and  becomes  weak, 
whereas  the  very  essence  of  part  of  the  electro- 
depositor's  skill  lies  in  his  ability  to  keep  the 
solution  as  nearly  in  its  original  condition  as  pos- 
sible. Having  once  secured  a  really  good  solution, 
by  following  out  any  of  the  foregoing  sets  of  in- 
structions, the  great  object  should  be  to  keep  it 
good.  The  solution  may  be  looked  upon  as  merely 
the  dissolving  medium  in  the  operation  of  deposit- 
ing ;  it  should  not  give  up  a  particle  of  its  strength 
to  the  deposit,  its  true  work  being  to  carry  the 
metal  from  anode  to  cathode.  If  it  does  this  to 
perfection,  the  anode  will  be  found  to  dissolve  just 
as  fast  as  the  metal  is  deposited  on  the  cathode ; 
if  the  solution  should  dissolve  the  anode  too  fast, 
its  free  acid  or  alkali  will  be  absorbed;  and, 
although  this  fault  carries  to  a  certain  extent  its 
own  remedy,  inasmuch  as  the  acid  can  be  recovered 
by  working  with  a  smaller  surface  of  anode,  the 
conductivity  of  the  liquid  will  be  impaired,  and 
the  deposition  rendered  sluggish. 

On  the  other  hand,  should  the  anode  be  dis- 
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solved  too  slowly,  that  is,  not  fast  enough  to  make 
up  for  the  metal  deposited,  the  electrolyte  must 
naturally  become  weak  and  useless  by  the  abstrac- 
tion of  its  metal.  This  fault  may,  to  a  certain 
extent,  be  overcome  by  the  addition  of  free  acid  or 
alkali  (as  the  case  may  be)  to  cause  the  anode  to 
dissolve  more  freely. 

The  range  within  which  good  copper  may  be 
obtained  is,  however,  sufficiently  wide  to  allow  of 
reguline  deposits  being  obtained  from  greatly  dif- 
ferent solutions.  Sulphate  of  copper  solutions  are 
usually  very  easily  managed.  In  this  respect  they 
are  superior  to  any  other  solutions  used  in  the 
whole  range  of  electro-metallurgy.  This  means 
that  the  current  may  be  varied  to  a  considerable 
extent  without  causing  the  deposit  to  exhibit  de- 
fects. But  although  this  is  strictly  true,  it  is  none 
the  less  obvious  that  the  working  speed  can  only 
attain  a  maximum  where  solution  and  current  are 
regulated  to  work  together  in  mutual  relationship 
in  accordance  with  the  laws  expressed  at  p.  21. 
Quality  of  metal  and  speed  of  working  are  the  two 
great  aims  of  the  electrotyper.  Some  depositors 
work  twice  as  fast  as  others,  and  yet  obtain  the 
toughest  and  best  copper  in  their  electrotypes ;  but 
the  latter  class  of  manipulators  either  work  from 
the  teachings  of  long  experience,  or,  better  still, 
from  a  clear  knowledge  of  the  principles  upon 
which  their  art  is  based. 

Allowing  the  strength  of  the  current  to  be  cor- 
rect, the  required  deposit  cannot  be  drawn  from 


THE  SOLUTIONS.  107 

the  solution  because  of  the  following  defects.  If 
the  solution  be  too  dense,  by  reason  of  too  great  a 
percentage  of  copper,  the  deposit  obtained  will  be 
tardy  in  forming,  and  exhibit,  in  most  cases,  a 
crystalline  structure ;  at  best  it  will  be  brittle  and 
liable  to  break  away.  If  the  liquid  should  be 
poor  in  metal,  the  deposit  is  apt  to  have  the  oppo- 
site defect — a  porous  structure,  quickly  deposited. 

These  faults  may  likewise  be  caused  by  the 
variations  of  temperature  to  which  the  solution  is 
usually  subject.  So  great  is  the  effect  of  raising 
or  lowering  the  working  temperature  that  a  differ- 
ence of  five  degrees  frequently  seriously  affects  the 
speed  of  working  and  the  quality  of  the  metal 
secured. 

Care  should,  however,  be  taken  to  insure  that 
the  anode  and  cathode  have  surfaces  nearly  equal 
to  each  other,  or  at  least  that  the  anode  shall  be 
the  larger.  If  the  anode  be  too  small  the  deposit 
is  apt  to  be  brittle,  and  the  rate  of  deposition  will 
be  seriously  affected. 

If  the  current  be  too  great  in  proportion  to  the 
amount  of  the  receiving  surface  and  the  strength 
of  solution,  the  deposit  will  prove  spongy  or 
coarsely  granular.  If  the  current  be  weak,  the 
opposite  defect  of  brittleness  may  exhibit  itself. 
The  current,  however,  within  limits  widely  apart 
ordinarily  affects  the  rate  of  deposition  only. 

Streaks  on  the  back  of  the  electrotype  indicate 
that  the  liquid  is  too  dense,  and  contains  too  much 
copper  for  the  volume  of  water.     A  heavy  deposit 
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at  the  lower  end  of  the  cathode  and  a  thin  one  at 
the  top  indicate  the  same  defect.  The  cause  of  the 
latter  fault  is  as  follows : — When  the  solution  be- 
comes overcharged  with  metal,  its  heavier  portions 
settle  at  the  bottom  of  the  vessel,  while  the  lighter 
acidulated  water,  or  weak  solution,  occupies  the 
upper  portion  of  the  vat.  The  consequence  is  that 
the  current  plays  most  favourably  through  that 
portion  or  stratum  which  conducts  best,  or  answers 
its  strength,  or  it  may  act  almost  equally  upon  the 
cathode,  and  yet  deposit  different  weights  on  dif- 
ferent portions  of  its  face.  When  this  defect  exists 
for  some  time,  it  will  be  observed  that  the  deposit 
upon  the  upper  portion  of  the  cathode  frequently 
becomes  dissolved,  and  that  crystals  of  copper- 
sulphate  form  upon  the  plates  and  bottom  of  the 
vessel.  This  usually  indicates  a  deficiency  of  water, 
and  also  the  want  of  stirring. 

The  temperature  of  the  solution  should  indicate 
as  nearly  as  convenient  60°  F.,  and  this  should  be 
preserved  in  winter  and  summer.  If  the  tempera- 
ture cannot  be  kept  up  to  this,  the  battery  power 
must  be  increased  to  obtain  the  ordinary  quality 
and  metal  at  the  usual  rate,  or  vice  versa.  Further 
guidance  on  many  of  these  points  will  be  found 
included  in  the  instructions  for  depositing  in 
Chapter  VIII.,  p.  189. 

No  experiments  should  be  made  with  the  solu- 
tion, as  the  whole  is  thus  apt  to  be  rendered  use- 
less for  working.  A  small  quantity  of  caustic  soda 
will  increase  the  rate  of  working;  but  its  use  is 
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not  to  be  recommended,  as  the  same  rate  can  be 
obtained  by  proper  attention  to  the  current  and 
size  of  anode. 

The  electric  current  should  always  be  adapted 
to  the  liquid,  not  the  reverse.  How  to  determine 
the  necessary  strength  of  current  may  be  learned 
from  a  careful  perusal  of  the  instructions  on  p.  i86. 

Quality  of  the  Solution. — It  should  have  no  ten- 
dency to  decompose  its  own  deposit ;  it  should  not 
be  affected  by  the  atmosphere,  or  by  the  action  of 
light;  it  should  dissolve  the  anode  freely,  and 
should  yield  a  reguline  metal  with  moderate  bat- 
tery power  at  60°  F. 

Test  for  New  Solutions. — Before  a  new  solution 
(one  not  known  to  the  operator)  is  tried  upon  a  large 
scale  it  is  wise  to  first  test  it  for  several  defects  as 
follows : — Place  a  quart  of  the  mixture  in  a  stone- 
ware vessel  at  60°  F.  Employ  an  anode  of  clean 
copper  one  inch  square,  and  a  cathode  of  similar 
size  ;  weigh  these  before  passing  the  current.  The 
cathode  should  be  of  blackleaded  gutta-percha, 
if  this  is  the  moulding  material  to  be  constantly 
used.  Pass  the  current  from  two  Smee  or  Daniell 
cells,  with  two  inches  or  more  of  space  between 
anode  and  cathode.  Observe,  first,  whether  the 
current  evolves  gas  at  the  plates.  If  a  little  gas 
appears,  it  may  be  stopped  by  slightly  separating 
the  plates ;  but  if  much  gas  comes  off,  especially 
from  the  anode,  there  is  a  defect  in  the  solution, 
and  the  current  would  be  wasted  upon  thus  decom- 
posing it.    Test  the  speed  of  deposition  by  weighing 
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the  plates ;  the  anode  should  lose  about  as  much 
as  the  cathode  gains.  Test  the  toughness  of  the 
deposit  by  bending  it  and  hammering. 

The  liquid  should  further  be  tested  by  exposing 
it  to  the  air  and  light  for  some  days,  and  observing 
whether  it  shows  a  sediment  or  begins  to  decom- 
pose. 

Reversal  of  Current  in  the  Solution. — This  pecu- 
liar counter-current  is  particularly  to  be  avoided 
where  dynamo-electric  machines  are  used,  and 
sometimes  under  ordinary  conditions;  it  may  be 
observed  as  follows : — Deposit  a  layer  upon  the 
cathode,  and  weigh  it  (the  cathode);  place  the 
cathode  in  the  bath  again  and  disconnect  the  bat- 
tery, but  connect  the  cathode  and  anode  by  a  wire. 
A  counter-current,  passing  from  the  cathode  to 
the  anode,  will  be  set  up  in  most  cases,  and  the 
cathode  will  lose  metal  while  the  anode  will  gain 
an  equivalent  amount.  This  may  go  on  for  a  few 
minutes,  when  another  reversal  may  take  place. 
In  the  case  of  employing  a  dynamo-electric 
machine  as  the  source  of  current,  the  effect  is 
generally  to  reverse  the  polarity  of  the  machine, 
which  upon  again  being  set  in  motion  will  give  a 
current  in  the  wrong  direction.  Some  machines 
have  circuit-breakers  to  open  the  circuit  when  they 
are  stopped,  to  meet  this  defect.     (See  also  p.  84.) 

Iron^facing  Solutions. — A  good  solution  for  the 
deposition  of  iron  in  "  steel -facing "  electrotypes 
may  be  made  as  follows: — To  each  gallon  of  water 
dissolve  one  pound  of  carbonate  of  ammonium,  and 
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dissolve  iron  into  the  solution  by  passing  a  strong 
current  from  an  anode  of  iron  until  a  deposit  ap- 
pears upon  a  clean  copper  cathode.  A  few  ounces 
of  carbonate  of  ammonium  should  be  stirred  into 
the  bath  about  once  a  week.  The  anode,  which 
should  be  large  in  proportion  to  the  work,  must  be 
cleaned  occasionally. 

The  solution  most  in  use  for  the  "  steel-facing  '* 
of  printing  plates  is  prepared  as  follows : — Prepare 
a  solution  of  sulphate  of  iron,  and  another  of  car- 
bonate of  ammonium.  Add  the  latter  to  the  former 
until  the  iron  is  precipitated ;  pour  off  the  liquid 
portion,  and  wash  the  precipitate.  Take  a  bulk  of 
sulphuric  acid  equal  to  the  volume  of  solution  re- 
quired, and  dissolve  the  iron  precipitate  in  it  to 
saturation.  If  there  should  be  any  free  acid  it  will 
retard  the  working ;  it  is  therefore  usual  to  evapo- 
rate the  solution  a  little. 

From  either  of  these  solutions  good  iron  may  be 
obtained  by  the  current  of  three  or  four  Smee  or 
Daniell  cells,  but  a  stronger  current  is  usually  em- 
ployed for  quickness  of  working.  The  anode  is 
always  of  iron,  and  the  cathode  of  copper.  The 
anode  is  usually  from  five  to  eight  times  larger 
than  the  cathode,  to  prevent  the  solution  from  be- 
coming acid.  It  is  also  advisable  to  leave  the 
anode  in  solution  when  not  in  use,  and  to  connect 
it  by  a  wire  to  a  cathode  of  platinum  or  copper  to 
prevent  the  formation  of  acid,  and  to  keep  the  bath 
as  dense  as  possible.  The  metal  obtained  is  usually 
as  hard  as  good  steel,  but  becomes  soft  and  malle- 
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able  after  heating.  It  is  highly  important  to  have 
a  solution  which  yields  a  crystalline  and  very  hard 
coating  of  iron. 

A  coating  obtained  from  a  solution  of  sulphate 
of  iron  and  chloride  of  ammonium  yields  an  ex- 
ceedingly hard  deposit  of  the  purest  iron,  and  it  is 
thus  well  suited  to  the  coating  of  small  and  very 
fine  electrotypes  of  steel  engraved  plates.  Plates 
coated  in  this  solution  have  been  known  to  yield 
as  many  as  10,000  impressions  in  printing,  all 
sharp. 

All  solutions  made  from  sulphate  of  iron  simply 
are  very  troublesome,  and  are  constantly  acted 
upon  by  the  air,  thus  spoiling  the  solution.  TKe 
salts  in  these  solutions  pass  to  a  higher  state  of 
oxidation  by  absorption. 

Management  of  the  Iron  Solution. — All  iron  solu- 
tions should  be  kept  as  much  as  possible  from  the 
air,  owing  to  their  tendency  to  absorb  oxygen  and 
pass  into  persalts.  It  is  believed  that  the  oxygen 
which  is  frequently  set  free  at  the  cathode  may  be 
absorbed  by  the  deposit,  which  is  thus  apt  to  be 
porous  when  of  any  considerable  thickness.  When 
a  solution  has  become  spoiled  by  the  action  of  the 
air,  it  may  be  deoxidized  by  passing  a  constant 
current  for  many  hours  from  an  iron  anode  to  a 
copper  cathode.  Some  electrotypers  add  a  little 
glycerine  to  the  solution  to  aid  in  its  preservation. 
Some  solutions  constantly  deposit  a  slimy  layer  of 
impurities  upon  the  anode,  which  must  be  kept 
clean. 
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A  layer  of  solid  paraffin  may  with  advantage  be 
melted  over  the  surface  of  small  bulks  of  iron  solu- 
tion. This  has  the  effect  of  screening  them  from 
the  air  to  a  great  extent ;  but  it  is  only  applicable 
in  cases  where  the  anode  and  cathode  are  always 
placed  in  the  same  position. 

Iron  deposited  from  solutions  in  which  glycerine 
has  been  dissolved  is  apt  to  begin  to  crack  when  a 
moderate  thickness  is  attained,  but  this  never 
takes  place  within  the  thickness  required  for  the 
facing  of  electrotypes,  except  the  glycerine  be 
present  in  excess. 

Inexperienced  workers  usually  deposit  defective 
iron  with  numerous  holes.  This  is  almost  always 
due  to  too  great  a  percentage  of  free  acid  and  too 
strong  a  current.  Acidity  should  frequently  be 
tested  for  with  blue  litmus-paper. 

When  thick  deposits  are  required  from  a  solution 
the  battery  power  must  be  comparatively  weak,  or 
they  are  apt  to  contain  large  volumes  of  hydrogen. 

Iron  solutions  should  be  added  to  when  iron  is 
required  from  an  anode  of  iron  as  pure  as  possible. 
Cast  iron  should  never  be  employed.  Charcoal 
iron  is  the  best ;  failing  that,  wrought  plates  may 
be  used.  Acid  and  ammonium  carbonate  or  chlo- 
ride (as  the  case  may  be)  may  have  to  be  added 
occasionally  to  make  up  for  the  oxidized  salts,  but 
much  care  is  necessary  not  to  materially  change 
the  composition  of  the  bath.  The  solution  works 
faster  and  conducts  more  freely  if  slightly  heated. 
(See  also  Chapter  IX.) 

I 
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Nickel  Solution. — In  many  respects  solutions 
for  the  deposition  of  nickel  are  similar  to  iron 
solutions,  and  the  process  itself  is  almost  the 
same. 

The  nickel  solution  is  generally  made  from  the 
salts  direct,  but  as  these  are  not  always  procurable 
at  a  fair  price  it  may  be  made  by  the  battery  pro- 
cess, or  the  salts  may  be  formed  from  common 
grain  nickel  direct,  as  follows : — Select  a  deep 
glazed  vessel,  into  which  pour  three  parts  of  strong 
nitric  acid,  one  part  of  strong  sulphuric  acid,  and 
four  parts  of  water,  all  by  measure  ;  mix  with  a 
glass  rod.  To  each  gallon  add  two  pounds  of  com- 
mercial grain  nickel,  and  heat  the  mixture  by 
placing  the  vessel  in  boiling  water.  Care  should 
be  taken  to  avoid  the  fumes  given  off.  If  the 
action  should  become  violent  add  a  little  cold 
water,  or  moderate  the  external  heat.  Stir  occa- 
sionally until  all  the  nickel  is  dissolved.  If  the 
liquid  will  dissolve  more,  add  it  until  the  solu- 
tion is  saturated  with  nickel.  "When  fully  prepared, 
the  solution  gives  over  fuming  and  feels  heavy  and 
dense.  Stir  in  one-fourth  its  bulk  of  hot  water, 
boil  it,  and  finally  filter.  This  is  a  strong  solution 
of  the  sulphate  of  nickel.  Dissolve  next  sulphate 
of  ammonia  in  hot  water  until  saturated,  about 
four  pounds  to  the  gallon  ;  prepare  a  volume  cor- 
responding with  that  of  the  previous  solution. 
Allow  to  cool,  and  add  the  ammonia  solution  to 
the  nickel  one  with  agitation  until  the  latter  loses 
its  colour.     A  precipitate  of  the  double  sulphate  of 
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nickel  and  ammonia  will  take  place.  Decant  the 
liquid  portion,  and  wash  the  resulting  double  salt 
with  a  little  cold  ammonia  solution. 

The  depositing  solution  may  also  be  prepared 
from  the  double  salt  as  obtained  in  commerce.  In 
either  case  dissolve  the  compound  in  hot  water  to 
saturation  ;  afterwards  dilute  with  water  until  a 
Twaddle  hydrometer  indicates  a  density  of  seven 
degrees  ;  or  simply  dissolve  three-fourths  of  a 
pound  to  each  gallon  of  water.  The  solution  should 
be  neutral,  or  nearly  so ;  that  is,  neither  acid  nor 
alkaline.  To  ascertain  this,  test  it  with  blue 
litmus-paper ;  if  the  paper  be  turned  red,  increase 
the  alkali  by  adding  ammonia  sulphate.  If  red 
paper  be  turned  blue,  increase  the  acid  by  adding 
nickel  sulphate  until  the  mixture  is  as  nearly  as 
possible  neutral.  If  there  should  be  a  tendency 
to  either  side  in  working,  it  is  better  to  have  it 
rather  alkaline.  Anodes  for  this  solution  should 
be  of  nickel  plate  (cast),  which  may  be  procured  in 
commerce ;  they  should  be  larger  than  the  cathodes. 
Particulars  for  working  are  given  in  Chapter  IX. 

Brass-Facing  Solutions. — Although  it  is  to  a  cer- 
tain extent  true  that  the  current  exerts  a  kind  of 
selective  influence  upon  the  metals  that  chance  to 
be  present  in  an  electrolyte,  it  is  a  great  mistake  to 
suppose  that  metals  deposited  by  electricity  must 
necessarily  be  pure.  When  an  alloy  is  in  solution, 
a  weak  current  will  select  and  throw  down  the  one 
most  easily  separated,  but  when  there  is  a  suffi- 
ciency of  force  both  metals  are  deposited  without  re- 
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gard  to  their  nature.  Hence  brass,  an  alloy  usually 
of  seventy-one  parts  copper  to  twenty-nine  parts 
zinc,  may  be  deposited  by  electricity,  and  forms  an 
excellent  protective  facing  to  copper  printing  plates, 
although  it  is  in  this  respect  inferior  to  iron.  Its 
most  obvious  advantage  would  appear  to  be  that 
brass  is  found  to  take  and  print  colours,  the  ver- 
milion in  some  varieties  of  which  destroys  the 
copper  face  by  combining  with  it.  But  the  most 
extensive  application  of  brass  facing  is  in  relation 
to  bookbinders'  tools  and  such  stamps  as  are 
frequently  heated. 

A  good  solution  for  the  deposition  of  brass  of  a 
hard  nature  may  be  made  as  follows  : — Dissolve  in 
one  thousand  parts  of  water  twenty-five  of  copper 
sulphate  and  twenty-five  to  thirty  of  sulphate  of 
zinc  ;  or  twelve  and  a  half  of  acetate  of  copper  and 
twelve  and  a  half  to  fifteen  of  fused  chloride  of  zinc. 
Precipitate  the  mixture  by  means  of  one  hundred 
parts  of  carbonate  of  sodium  dissolved  in  plenty  of 
water,  and  stir  the  mixture.  Wash  the  precipitate 
several  times  by  adding  water  to  it,  stirring,  and 
allowing  the  precipitate  to  subside,  pouring  the 
clear  liquid  away.  Add  to  the  washed  precipitate 
a  solution  composed  of  fifty  parts  of  bisulphite  of 
sodium  and  one  hundred  of  carbonate  of  sodium 
dissolved  in  one  thousand  of  water,  and,  whilst 
stirring,  add  a  strong  solution  of  ordinary  cyanide 
of  potassium  until  the  precipitate  is  just  all  redis- 
solved,  then  add  three  parts  of  free  cyanide.  This 
solution  is  used  warm  or  hot.     (Roseleur.) 
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A  current  from  five  to  six  Bunsen  cells  in  full 
force  should  be  passed  into  the  bath.  The  anode 
should  be  of  brass.  When  the  deposit  is  white  it 
is  usually  caused  by  too  strong  a  current,  and  when 
red  the  current  is  probably  too  weak. 


CHAPTER  V. 

Depositing  and  Moulding  Apparatus. 

The  apparatus  to  be  described  in  this  chapter  con- 
sists of  the  depositing  or  solution  vessels  and  all 
their  furniture,  including  conducting-rods  between 
the  electric  source  and  the  vessels ;  also  moulding 
apparatus,  used  in  taking  the  matrix  from  all  kinds 
of  flat-surface  work,  and  devices  for  obtaining  the 
pressure  required  in  forcing  the  work  and  mould 
together.  These  include  the  chief  pieces  of  appa- 
ratus employed  in  electro-typing,  excepting  the 
source  of  electricity,  which  receives  special  notice 
in  Chapter  III. 

Depositing  Vessels  for  Small  Operations. — ^The 
depositing  vessel  employed  in  obtaining  electro- 
type copies  of  such  small  objects  as  medals,  or  any 
object  up  to  three  inches  in  diameter,  is  in  most 
cases  the  containing  pot  of  a  Daniell  cell  (p.  25), 
the  zinc  and  porous  diaphragm  of  which  also  serve 
as  a  source  of  electricity.  This  is  known  as  the 
single-cell  depositing  apparatus;  it  is  slow  in 
work,  but  gives  little  trouble,  and  can  be  made  to 
deposit  the  finest  possible  electrotypes.    The  pro- 
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cess  itself  is  described  at  p.  26  and  p.  180.  But 
small  operations  which  are  required  to  be  accom- 
plished quickly,  so  as  to  obtain  a  good  strong 
electrotype  in  about  ten  hours,  should  be  conducted 
entirely  in  a  separate  depositing  vessel.  Its  size 
must  be  in  proportion  to  the  magnitude  of  the 
work,  but  it  is  always  well  to  err  on  the  side  of 
having  too  large  a  depositing  vessel.  Square  and 
oblong  troughs  of  brown  glazed  earthenware  are 
obtainable  now  at  philosophical  instrument  shops 
in  all  ordinary  sizes.  One  12  by  8  by  6  inches  will 
prove  an  excellent  trough  for  all  small  operations. 
This  shape  of  vessel  is  more  convenient  than  a 
cylindrical  cell.  The  same  vessel  may  be  made 
from  good  teak  well  jointed  and  thoroughly  coated 
two  or  three  times  within  with  marine  glue  or 
gutta-percha  (p.  148).  Wood  may  prove  more 
troublesome  at  first,  but  it  offers  a  convenient 
means  of  fastening  anode  and  cathode,  conducting- 
rods,  and  terminals  to  the  trough.  A  very  con- 
venient and  easily  fitted  set  of  connections  may  be 
placed  upon  a  vessel  of  this  description  as  follows  : 
— Mark  off  the  half  of  the  length  upon  the  upper 
edges  of  the  trough,  bend  (angular)  two  pieces  of 
f-inch  copper  or  brass  tubing  to  extend  along  each 
end  and  both  sides  of  the  trough.  They  should  be 
made  of  a  U  shape,  but  with  angular  bends ;  the 
length  of  the  legs  should  allow  the  two  pieces, 
when  laid  upon  the  edge  of  the  vessel,  to  nearly 
meet  at  the  central  line  marked  off.  They  should 
be  screwed  in  position  with  three  screws  each,  and 
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a  wire  clamp  or  terminal  (p.  56)  should  be  soldered 
to  each  at  one  side  of  the  trough  where  the  rods 
nearly  meet.  The  anode  and  cathode  rods,  con- 
sisting of  straight  pieces  of  tubing  of  the  same  size, 
two  inches  or  so  wider  than  the  trough,  may  be 
conveniently  laid  across  their  respective  ends  and 
approached  or  separated  as  required.  Fig.  18 
exhibits  the  depositing  vessel  complete. 

In  order  to  keep  the  top  edge  and  connections 
of  the  vessel  dry,  which  is  a  matter  of  some  im- 
portance,  to  prevent  leakage  of   electricity  from 

one  end  to  the 
other,  a  ledge  of 
wood  may  be  ar- 
ranged to  rise 
from  the  inside 
of  the  trough 
nearly      to      the 

height  of  the  tub- 
Fig.  i8.-Small  Electro-typing  Vat.  ijjg_         -pjjg    ^,Qg|.     Qf 

such  a  vessel,  made  soundly  of  teak,  and  fitted  as 
described,  should  not  exceed  five  shillings.  It  is 
adapted  for  the  production  of  electrotypes  up  to 
3  inches  in  diameter,  so  that  all  kinds  of  small 
woodcuts  can  be  copied  in  it,  up  to  3  inches  wide 
by  about  5  inches  long.  The  anodes  for  such  a 
depositing  vessel  should  be  of  ^-inch  copper  plates, 
5  by  3  inches,  provided  with  a  pair  of  soldered 
stout  copper  hooks,  to  sling  upon  the  anode  rod 
and  allow  the  plate  to  reach  within  i  inch  of  the 
bottom.      Two    smaller  anodes,  for  small  work, 
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should  also  be  at  hand,  because  the  cathode  and 
anode  should  nearly  agree  in  size ;  these  may  be 
3  by  2^  inches  and  2  by  i  inch  respectively.  This 
completes  the  apparatus  ready  for  receiving  the 
solution  (p.  102)  and  commencing  electro-deposi- 
tion. The  same  vessel  may  be  employed  for  the 
deposition  of  any  other  metal,  such  as  silver  or 
iron.  In  such  cases  the  anode  must  be  of  the 
metal  to  be  deposited.  When  in  use  it  will  be 
found  advantageous  to  siphon  off  the  solution 
after  each  electrotype  has  been  deposited,  and  to 
clean  out  the  vessel  of  anode  sediment.  The  solu- 
tion may  also  be  strengthened,  should  it  be  re- 
quired, before  being  replaced.  After  a  time  the 
rods  will  become  oxidized  and  retard  the  passage 
of  the  current.  To  prevent  this  emery  cloth  should 
be  used  to  brighten  them  before  putting  into  use. 
The  binding  screws  should  likewise  be  kept  clean, 
and  must  clamp  the  battery  wires  securely.  The 
battery  should  always  be  placed  behind  the  trough, 
so  that  the  front  of  the  latter  may  be  free  for 
inspecting  purposes.  With  such  a  depositing 
vessel,  a  pair  of  Smee,  Daniell,  or  bichromate 
cells  of  two-quart  size  will  form  a  battery  of  ample 
strength.  (See  p.  21.)  They  may  both  be  used, 
joined  for  electro-motive  force,  in  driving  a  deposit 
over  a  blackleaded  matrix;  but  one  will  prove 
sufficient  when  the  surface  has  been  covered. 
A  3 -inch  electrotype  of  a  wood-block  may  be 
taken  out  in  about  twelve  to  twenty  hours.  (See 
Depositing  Process  J  ■^.  182.) 
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Depositing  Vessels  for  the  Larger  Operations. — The 
dimensions  of  vats  for  ordinary  large  work  vary ;  a 
good  size  for  a  printer's  electrotyper  is  5  x  3  x 
3  ft.,  and  larger  or  smaller  in  proportion  for  large 
or  small  art- work.  From  100  to  300  gallons  of 
solution  may  be  worked  by  the  battery  or  dynamo- 
electric  machine. 

The  choice  of  material  should  be  made  from 
wrought  iron  (boiler-plate)  or  wood  lined  with 
sheet  lead.  The  best  possible  vat  is  one  made 
from  moderately  stout  boiler-plate  enamelled  Witlain.', 
such  a  vessel  possesses  all  the  advantages  of  a 
porcelain  one  with  the  strength  of  an  iron  one.  A 
vat  of  boiler-plate,  made  tight  and  afterwards 
carefully  painted  within,  while  warm,  with  marine 
glue  (p.  148),  serves  the  purpose  very  well,  and 
gives  no  trouble.  Wooden  vats,  made  from  good 
seasoned  teak  well  jointed,  and  afterwards  secured 
with  rods  and  nuts,  may  be  employed  if  well 
painted  with  the  marine  glue  mentioned  above. 
But  they  are  neither  so  satisfactory  in  use  or  cheap 
in  the  end  as  iron  vats.  A  wooden  vat,  properly 
lined  with  sheet  lead,  put  in  with  burned  joints, 
answers  perfectly ;  but  it  is  frequently  as  expensive 
as  an  iron  one. 

Many  other  materials  are  in  use  as  linings  for 
wooden  vats.  Gutta-percha  is  common,  but  it 
perishes  in  time.  Plate-glass  is  frequently  em- 
ployed, bedded  in  cement,  but  it  is  at  first  expen- 
sive, and  apt  to  be  broken  by  articles  falling  into 
the  vat.    Slate  is  better,  and  is  often  used.    As- 
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phaltum  is  frequently  employed  as  a  lining,  and 
stands  for  some  years  if  well  applied  at  first.  In 
the  case  of  lining  a  wooden  vat,  it  must  be  new 
and  perfectly  dry.  The  necessity  for  this  condition 
prevents  the  possibility  of  thoroughly  coating  a 
vat  for  the  second  time ;  hence  the  advantage  of  a 
carefully  enamelled  iron  vat,  which  in  good  hands 
should  last  fifty  years  or  more.  Any  accidental 
chipping  of  the  enamel  should  be  carefully  covered 
with  marine  glue  applied  hot  to  the  heated  part. 
Pinholes  of  the  larger  size  should  be  treated  in  the 
same  manner.  Care  should  be  taken,  in  first  fixing 
the  vat,  that  it  shall  have  a  seating  as  equal  as 
possible ;  that  is,  the  vat  should  not  be  so  placed 
that  when  the  heavy  solution  is  poured  in,  it  may 
be  twisted,  so  as  to  chip  off  the  enamel. 

For  dynamo-electric  machine  working  the  vat 
should  always  be  deeper  than  for  battery  work. 
This  will  prove  all  the  more  necessary  when  a 
circulator  of  the  solution  (p.  191)  is  employed. 
One  foot  extra  is  usually  enough.  In  deciding 
upon  a  depositing  vat,  it  should  always  be  re- 
membered that  a  large  bulk  of  solution  works  in 
every  way  more  satisfactorily  than  a  small  bulk. 
It  gives  a  more  uniform  deposit  in  less  time ;  the 
component  parts  of  the  whole  are  not  so  easily 
disturbed  by  accidents ;  it  dissolves  the  anodes 
more  regularly  than  a  small  bulk  of  solution,  and 
is  in  every  way  better  adapted  for  rapid  and  good 
working. 

A  vat  to  work  surfaces  not  larger  than  two 
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4to  matrix  frames  together  should  not  contain 
less  than  150  gallons  of  solution.  There  is  no 
economy  in  working  a  small  vat  where  a  larger 
one  can  be  used.  It  is  found  cheaper  to  work  a 
600-gallon  vat  than  a  200-gallon  one,  even  although 
the  work  be  small  enough  to  deposit  in  the  lesser 
vat.  Hence  the  solution  should  always  be  greatly 
in  excess  of  what  is  absolutely  required;   and  to 


Fig.  19.— Plan  of  large  Electro-typing  Vat. 

some  extent  the  same  may  be  said  of  the  current ; 
it  should  be  rather  in  excess  of  what  will  do  the 
work,  because  it  always  proves  troublesome  to  be 
rather  short  of  battery  power,  and  to  find  that  the 
difference  of  an  inch  or  two  further  from  the  anode 
reduces  the  speed  of  working  to  one-half. 

It  is  quite  probable,  indeed,  that  a  50-gallon  vat 
of  solution  will,  with  a  small  battery,  cost  20  per 
cent,  more  in  working  expenses  than  a  400-gallon 
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vat.  Small  bulks  of  solution  often  give  trouble, 
but  it  is  seldom  that  a  large  body  needs  renewal 
within  five  years  of  its  establishment. 

Co7iducting  Fittings  for  Large  Vats. — ^The  chief 
difference  between  the  furniture  of  a  small  and  a 
large  depositing  vessel  arises  from  the  fact  that  in 
the  latter  work  of  two  sides  must  frequently  be 
done,  and  two  or  more  anodes  must  in  consequence 
surround  the  article.  The  fittings  mentioned  in 
connection  with  the  small  vessel  are  arranged 
specially  for  flat  work,  or  work  which  might  be 
deposited  upon  one  side  at  a  time :  but  in  larger 
operations  we  have  frequently  to  deal  with  cases 
where  several  pieces  of  flat  work  to  be  done  at 
once  necessitate  the  use  of  conducting-rods  repre- 
senting both  poles  at  each  end  of  the  vat  (Fig.  19.) 

The  vat,  whether  it  be  of  wood  or  iron,  should 
be  provided  with  a  ledging  of  wood,  about  3  inches 
wide,  extending  around  its  upper  edge.  The  outer 
edge  of  this  ledge  should  be  half  an  inch  higher 
than  the  rest,  and  extending  along  the  surface  of 
this  should  be  fitted  a  rectangle  of  |~inch  copper 
or  brass  tubing,  raised  if  possible  from  the  rim 
by  means  of  studs  at  the  corners  and  centres  of 
sides.  Another  similar  rectangle  of  tubing  should 
be  fitted  to  run  round  the  inner  portion  of  the 
wooden  ledge.  It  also  should  be  raised  slightly 
from  the  wood  in  case  of  conduction  taking  place 
between  the  rectangles  by  damp  or  accidental 
spilling  of  solution  on  the  ledge.  A  strong  wire 
binding-screw   should  be  soldered  to  each  rect- 
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angle,  to  take  the  wires  from  the  battery  or 
machine.  The  outer  rectangle  should  always  re- 
present the  positive  pole,  and  the  inner  one  the 
negative.  It  will  thus  be  observed  that  a  vat  so 
fitted  can  take  in  anodes  or  cathodes  at  any  pari  of 
the  solution.  Stout  copper  (inch  tubing)  rods,  ac- 
cording to  the  number  of  anodes,  extend  across 
the  positive  rectangle,  so  that  they  may  be  moved 
to  any  required  part  of  the  vat.  Similar  rods, 
short  enough  to  move  within  the  raised  ledging 
above  referred  to,  extend  from  one  side  to  the 
other  of  the  negative  rectangle.  If  there  should  be 
any  risk  of  the  positive  rods  being  displaced,  they 
may  be  bent  down  at  the  ends  to  clutch  the  rod 
from  the  outside,  and  yet  be  free  to  move  from 
end  to  end  of  the  vat.  Should  the  negative  rods 
be  apt  to  touch  the  positive  rectangle,  they  should 
be  fitted  with  plugs  of  wood,  slightly  projecting 
at  the  ends,  or  caps  of  gutta-percha ;  but  a  sepa- 
rating slip  of  wood  is  more  satisfactory. 

All  these  arrangements,  when  completed,  should 
be  well  painted  with  black  varnish,  except  the  upper 
surfaces  of  the  rectangles,  which  must  be  kept  clean. 
No  solution  should  be  spilled  upon  these  conduct- 
ing arrangements.  From  one  to  fifty  anode  rods 
and  an  equal  number  of  cathode  rods  may  thus  be 
at  work  in  one  vat  at  a  time,  there  being  no  ten- 
dency to  confusion  or  risk  of  conduction,  except 
through  the  solution.  It  is  advisable  in  most 
cases  to  have  a  means  by  which  the  rods  may  be 
fixed    in   one   position   when   the   work   is   once 
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adjusted  as  to  distance  from  the  anode.  Several 
simple  devices  may  be  employed  for  this  purpose. 
The  anode  rods  may,  as  they  are  turned  down 
at  right  angles  at  the  extremities,  be  fitted  at  one 
end  with  a  set-screw,  to  jam  hard  against  the  posi- 
tive rectangle.  One  or  a  pair  of  circular,  or  nearly 
circular  "grips"  may  be  fitted  to  each  cathode 
rod  to  grasp  the  negative  rectangle  nearly  around 
the  lower  half,  avoiding  the  fastenings  ;  the 
cathode  rods  may  thus  be  conveniently  fitted  each 
with  a  set-screw  to  jam  against  the  rectangle  at 


Fig.  20. — Calico-printing  Cylinder  Coppering  Vat. 


the  point  required.  These  means  are  very  simple 
and  present  great  advantages  over  the  old  plan  of 
laying  the  rods  across  the  vat  in  notches  cut  in 
the  wood,  or  in  semicircular  holders  made  fast  to 
the  conducting  rectangles.  In  the  first  plan  the 
adjustment  may  be  regulated  to  a  nicety ;  in  the 
old  method  it  must  be  arranged  to  suit  the  notches 
and  supports. 

Fig.  20  exhibits  a  plan  of  the  vat  as  ar- 
ranged for  coppering  iron  cylinders  for  calico 
and  other  printing  purposes.     It  will  be  observed 
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that  the  cylinder  while  it  is  being  coppered  is 
slowly  revolved  between  two  curved  anodes,  so  that 
the  deposit  may  be  evenly  distributed.  Both  anode 
rods  are  connected  together  to  the  left  of  the 
plan  given  ;  the  battery  or  machine  connections 
are  attached  to  the  anode  rod  and  cylinder  bearing- 
blocks.  These  bearing-blocks  are  arranged  by 
means  of  a  stuffing-box  so  as  to  prevent  the  escape 
of  solution  from  the  vessel.  The  cylinder  itself 
should  be  at  least  one  foot  under  the  surface.  The 
rotating  arrang  ement  must  be  made  to  allow  of 
convenient  and  rapid  disconnection  when  placing 
or  removing  the  cylinder. 

Resistance  Scales. — Upon  the  rectangles  of  well- 
arranged  vats  of  this  description  scales  of  approxi- 
mate resistances  can  be  marked.  Thus,  the  resist- 
ance of  a  certain  length  of  the  solution  having 
been  determined,  it  may  be  marked  in  ohms  upon 
the  rectangles,  as  the  whole  vat  will  present  re- 
sistance in  direct  ratio  to  this.  It  is  assumed,  of 
course,  that  the  volume  of  solution  and  its  density 
are  to  be  kept  as  regular  to  a  fixed  standard  as 
possible,  so  that  the  units  marked  off  may  hold 
good  at  all  times.  This  method  was  first  used  by 
the  author ;  it  enables  the  electrotyper  to  fix  upon 
his  resistance,  working  either  from  experience  or 
calculation,  at  once  before  placing  in  the  work,  and 
he  may  thus,  to  a  great  extent,  rely  upoji  the  deposit 
being  good  and  rapidly  formed.  In  flat  work,  this 
method  is  a  great  aid  and  saving  of  time  if  once 
put  into  use.    (See  Resistance^  p.  96.) 
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Conducting  Wires  and  Baitds. — ^This  subject  is 
treated  more  fully  at  p.  54.  The  conductors  from 
batteries  are  generally  wires,  which  should  be  of 
the  No.  10  gauge.  Straps  of  copper  are  generally 
used  for  dynamo-electric  machines,  but  they  offer 
no  points  of  advantage  over  cylindrical  conductors, 
unless  it  be  that  they  are  more  easily  bent.  All 
conductors  employed  should  be  much  stouter  than 
is  actually  necessary,  so  that  their  resistance  may 
be  counted  as  nothing.  When  the  conductors  are 
long,  such  as  from  a  distant  battery,  or  a  machine 
driven  by  a  neighbour's  engine,  they  should  be 
stouter  in  proportion,  or  even  duplicated.  Much 
care  should  be  taken  to  fix  the  conductors  cleanly 
into  the  binding  screws  at  the  electric  source  and 
at  the  vat  itself.  Conductors  should  always  be  led 
to  the  vat,  so  that  they  may  not  in  any  way 
interfere  with  the  movements  of  workmen,  and 
should  be  insulated  with  paraffined  cotton  or 
tarred  twine. 

Vessels  for  Alkaline  Solutio?is. — Cyanide  of  copper 
solutions  are  in  most  cases  used  hot,  hence  it  is 
generally  necessary  to  employ  an  iron  vat  when 
cyanide  solutions  are  used  in  obtaining  first  coat- 
ings upon  zinc  or  tin  matrices,  or  in  obtaining 
negative  electrotypes  direct  from  articles  made  of 
metals  which  of  themselves  set  up  electric  action 
in  or  decompose  the  ordinary  sulphate  solution. 
Enamelled  iron  vats,  fitted  with  feet  and  gas  jets 
to  obtain  the  necessary  heat,  are  best  suited  for 
this  work.    They  may  be  of  small   size,  as  the 

K 


130  ELECTRO-TYPING. 

object  is  merely  to  obtain  a  preliminary  coatings  the 
main  deposit  being  afterwards  obtained  in  the 
sulphate  solution. 

When  steam-heat  is  available,  the  vat  should  be 
fitted,  if  an  iron  one,  with  a  metallic  jacket,  and 
the  steam  allowed  to  circulate  around  it. 

Vessels  for  Iron  Solutions. — These  are  usually  only 
a  little  larger  than  the  work  to  be  deposited  upon, 
because  the  process  is  short,  and  the  larger  the 
surface  exposed  to  the  air  the  faster  the  solution 
will  deteriorate  in  working  quality.  They  should 
be  deeper  than  ordinary  depositing  vessels  for  the 
above  reason,  and  should  contain  a  large  volume 
of  the  solution.  Iron  solutions  may  be  protected 
from  the  effects  of  the  air,  when  out  of  use  for 
some  considerable  time,  by  heating  and  melting 
a  thin  cake  of  paraffin  over  the  surface,  or  a  little 
glycerine  may  be  mixed  with  the  solution  when  in 
work.  The  vat  may  be  of  lined  wood,  or  of  iron, 
naked  or  enamelled. 

Anode  Plates. — For  all  copper  solutions  the  anode 
consists  of  a  plate  of  good  copper ;  there  is  more 
reason  than  would  at  first  appear  for  employing 
the  purest  copper,  because  the  common  qualities 
give  off  a  great  deal  of  foreign  matter  known  as 
"dirt."  Indeed,  some  of  the  first  electrotypers 
and  best  workmen  use  in  their  operations  only 
electrotyped  copper  for  anode  purposes.  There 
can  be  no  doubt  that  this  plan  has  many  advan- 
tages, more  especially  in  work  where  a  trace  of 
slime  or  dirt  is  apt  to  ruin  a  whole  month's  labour. 
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Electrotyped  copper  is  usually  so  pure  that  no 
trace  of  dirt  can  be  found  on  the  anodes.  The 
plan  adopted  generally  is  to  use  the  cylinders  of 
Daniell  cells,  which  have  been  thickly  coated  on 
both  sides  with  electro-deposited  copper.  These 
cylinders  can  readily  be  spread  out  to  form  the 
flat  anodes  required  ;  if  liable  to  crack  they  should 
first  be  annealed.  In  many  cases,  however,  the 
anodes  are  specially  prepared  in  a  separate  vat, 
large  square  sheets  of  thin  copper  being  deposited 
upon  until  about  one-third  of  an  inch  in  thickness 
has  been  attained.  For  ordinary  rough  electrotyping 
this  method  is  not  necessary.  Electrotyped  copper 
cannot  be  said  to  be  much  dearer  than  the  common 
qualities,  when  deposited  by  the  machine,  because 
it  is  all  copper,  and  can  be  weighed,  pound  for 
pound,  to  form  electrotypes.  Common  sheets  fre- 
quently contain  25  per  cent,  of  useless  matter, 
which  at  best  cannot  be  called  good  copper.  The 
thickness  of  anode  copper  plate  is  usually  one-third 
of  an  inch,  but  any  thickness  may,  of  course,  be 
employed.  It  is  found  that  anodes  heated  and 
plunged  in  water  become  softer,  and  yield  better 
under  the  influence  of  moderate  currents.  (For 
iron  anodes,  see  p.  1 13.) 

Size  of  Copper  Anode  Plates. — The  anode  and 
cathode  should  each  present  an  equal  surface  to 
the  solution.  The  anode  has  two  sides,  but  the 
back,  when  facing  flat  work,  should  be  left  out  of 
account.  Hence,  an  electrotype  a  foot  square 
should  be  faced  by  an  anode  a  foot  square.     If  there 
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be  any  difference  in  size,  the  anode  should  be  the 
larger.  When  the  solution  is  found  to  be,  from 
any  accidental  cause,  weak  in  metal,  the  anode 
should  be  the  larger  to  make  up  the  deficiency. 
If  the  solution  be  too  dense,  the  anode  should  be 
slightly  smaller  than  the  cathode,  which  will  thus 
take  up  the  excess.  When  the  anodes  are  of 
inferior  quality,  and  much  dirt  is  given  off,  they 
should  be  larger  than  the  cathode,  otherwise  the 
solution  will  begin  to  lose  metal. 

Shape  of  Anodes. — This  is  a  matter  of  the  greatest 
importance,  but  as  it  properly  belongs  to  the  de- 
positing process,  it  cannot  receive  full  treatment 
here,  except  with  special  regard  to  general  re- 
quirements. 

All  work  level  over  the  face  of  the  matrix  should 
have  flat  anodes.  All  work  curved  convex  should 
be  faced  by  concave  anodes,  and  all  work  curved 
concave  by  convex  anodes.  This  resolves  itself 
into  the  simple  statement  that  the  anode  must  be 
parallel  to  the  cathode.  The  distribution  of  anode 
power  is  effected,  on  undercut  surfaces,  much  more 
evenly  by  working  with  the  anode  at  a  considerable 
distance.  Taking,  as  an  example,  a  flat  cathode 
surface,  with  a  depression  in  the  centre,  an  attempt 
to  obtain  a  copper  deposit  over  both  depression 
and  surface  with  the  anode  in  close  proximity 
would  probably  fail,  but  would  be  easily  accom- 
plished if  the  anode  were  removed  to  a  greater 
distance.  Hence,  the  discrepancy  between  the 
coatings  received  by  hollows  and  prominences  is 
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always  more  marked  when  the  anode  is  near  than 
when  it  is  placed  farther  away. 

Chases. — These  are  shallow  dishes  of  iron  or 
backing  metal,  used  as  frames  or  trays,  in  which 
the  moulding  composition  is  poured  previous  to 
pressing  the  face  upon  the  composition.  They  are 
generally  about  \  of  an  inch  deep,  and  the  usual 
sizes  are  from  2  inches  by  3  inches  to  10  inches 
by  13  inches.  One  of  the  ends  is  extended,  and 
pierced  with  two  holes,  in  which  the  vat  hooks 
may  be  fastened.  It  will  be  observed  that  this 
arrangement,  as  it  is  merely  a  metallic  tray,  must 
be  varnished  all  over  the  back  and  sides  to  prevent 
the  deposit  from  spreading  uselessly  upon  these 
parts.  Simple  arrangements  may,  however,  be 
adopted,  which  effectually  cut  the  main  frame  out 
of  the  circuit.  Thus  an  iron  tray  as  above,  of  the 
required  depth,  is  fitted  with  a  narrow  copper 
frame,  which  is  insulated  from  the  tray  by  four 
angle  pieces  of  ebonite.  The  narrow  frame  fits 
tightly  to  the  tray,  and  is  provided  with  the  re- 
quired extending  loops  for  connection  to  the  nega- 
tive rod  of  the  vat.  When  the  wax  is  poured  into 
the  tray,  it  reaches  the  conducting  frame  all  round. 
When  the  mould  is  blackleaded,  the  conducting 
surface  includes  the  narrow  frame  edges,  but  not 
the  back  of  the  tray.  In  this  way  "  stopping  off  "  the 
tray  is  rendered  unnecessary.  When  the  mould- 
ing composition  is  of  itself  conductive,  however, 
as  it  frequently  is  by  the  addition  of  powdered 
plumbago,  this  plan  does  not  of  itself  answer.    The 
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narrow  frame  must  in  this  case  be  a  tray  also,  to  fit 
inside  the  larger  one;  and  to  prevent  its  back  from 
coming  into  electrical  contact  with  the  main  tray, 
the  latter  is  fitted  with  a  thin  lining  of  ebonite  in 
addition  to  the  ebonite  insulating  corner-pieces 
already  mentioned,  or  a  few  coats  of  hard  Japan 
may  be  baked  upon  a  tray  of  the  common  kind. 
In  Chapter  VII.  are  given  particulars  of  a  new 
system  of  medallion  trays. 

Moulding  Composition  Vessels.  —  Most  of  the 
moulding  compositions  now  used  are  made  up  by 
the  aid  of  heat.  The  greater  number,  being  com- 
pounds of  wax,  gutta-percha,  and  such  substances, 
are  melted  and  kept  liquid  in  an  iron  pot  by  means 
of  a  jet  or  two  of  gas.  Where  steam  is  available 
it  should  be  used  to  heat  the  pot,  by  being  passed 
through  an  outer  casing  surrounding  its  bottom 
and  sides ;  by  this  means  a  more  uniform  heat  is 
secured.  Sheet- iron  wax  vessels  of  \z  inches  by 
9  inches  are  most  convenient  when  steam  is  em- 
ployed as  a  source  of  heat,  but  when  gas  is  used 
they  should  be  thicker  in  body,  or  ordinary  cast- 
iron  pots. 

Pressure  Apparatus. — When  the  tray  is  carefully 
filled  with  the  moulding  composition  (in  flat  work), 
the  prepared  original  is  placed  upon  its  surface, 
and  great  pressure  is  applied  to  secure  an  accurate 
copy.  For  small  operations,  makeshifts  are  fre- 
quently employed,  such  as  copying  presses  or  even 
vices ;  sometimes  amateurs  employ  a  device  con- 
sisting of  a  wood  beam,  jointed  at  one  end  near 
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the  floor  to  a  post  or  wall,  and  by  placing  the  work 
under  it  near  to  the  fulcrum,  a  good  pressure  is 
attained  by  sitting  upon  the  free  end.  These  make- 
shifts answer  well  enough  for  the  smaller  kinds  of 
work  apart  from  regular  electrotypers'  operations, 
but  in  the  moulding  of  set-up  types  and  blocks 
they  are  troublesome  and  often  useless.  Large 
screw  presses  are  common,  but  the  best  presses 
are  actuated  through  a  pair  of  toggle  joints,  and 
are  therefore  known  as  toggle  presses;  they  are 
extensively  employed  by  electrotypers,  as  they  are 
lower  in  first  cost  than  regular  hydraulic  presses. 
The  hydraulic  press  is  employed  for  all  kinds  of 
flat  work,  large  and  small.  By  its  aid  a  great 
pressure  may  be  given  by  the  expenditure  of  little 
tiresome  energy.  Each  press  should  be  fitted  with 
a  sliding  platen,  to  admit  of  proper  adjustment  of 
moulds  before  applying  the  pressure.  Further  in- 
formation regarding  the  pressure  apparatus  will  be 
found  at  p.  1 64. 

Blackleading  Brushes. — When  a  mould  or  copy 
is  secured,  by  pressure  or  otherwise,  the  non-con- 
ducting surface  must  be  prepared  with  a  view  to 
render  it  conductive  in  the  solution.  In  most 
cases  blacklead,  as  it  is  popularly  styled,  is  used. 
It  is  generally  applied  to  the  matrix  dry,  in  the 
form  of  a  fine  powder,  by  means  of  soft  brushes. 
These  brushes  may  be  of  camel-hair,  cut  short 
and  stiff,  or,  for  ordinary  work,  of  goat's-hair. 
A  round  brush,  about  two  inches  in  diameter, 
is    well    adapted    for    most    work    to    be    black- 
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leaded  by  hand.  The  operation  itself  is  described 
at  p.  1 66. 

Blackleading  Machine. — Machines  for  the  purpose 
of  applying  the  plumbago  surface  to  moulds  (flat 
work)  are  now  extensively  used,  especially  in 
America.  The  operation  of  the  machine  presents 
some  advantages  over  hand-work,  because  it  is 
more  rapid  and  less  wasteful  of  blacklead. 

The  machine  consists  of  a  raised  table,  per- 
forated with  numerous  square  apertures.  Under 
the  table  is  fitted  an  inclined  box,  in  which  all 
waste  blacklead  is  caught.  The  table  is  connected 
within  a  frame  with  a  screw  and  pinion,  which 
give  it  a  reciprocating  sliding  motion  under  a 
wide,  soft  brush,  which,  being  also  connected  to 
the  gearing,  receives  a  vibrating  up  and  down 
motion  at  great  speed.  When  the  mould,  plenti- 
fully sprinkled  with  finest  blacklead,  is  placed 
upon  the  sliding-table,  and  the  machine  set  in 
motion  (by  the  hand),  it  is  carried  beneath  the  face 
of  the  vibrating  brush,  back  and  forth,  receiving 
the  beating-in  effects  of  the  brush  until  the  whole 
surface  is  rendered  uniformly  conductive.  The 
machine  when  in  operation  is  usually  covered  with 
a  top  case  to  prevent  waste  of  blacklead.  It  is 
almost  needless  to  observe  that  these  machines 
are  only  properly  adapted  for  flat  surfaces ;  their 
use,  indeed,  is  chiefly  confined  to  the  practice  of 
the  printers'  electrotyper.  They  cannot  be  said  to 
be  well  adapted  to  the  production  of  the  best  class  of 
conducting  surfaces,  or  to  the  finest  kinds  of  electro- 
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type  moulds,  unless  the  latter  be  of  a  material  at 
least  as  hard  as  cold  gutta-percha.  Machines  are 
adapted  to  all  the  usual  requirements  of  printers' 
electrotypes,  and  in  this,  their  proper  sphere,  save 
expense  and  time.  They  may  be  rotated  by  hand 
or  power. 

^* Slings"  and  Hooks. — ^These  are  bright  copper 
hooks  and  catches  used  in  hanging  the  cathode 
(mould)  from  the  negative  rod  of  the  depositing 
vessel  in  the  solution.  They  should  be  made  of 
copper  wire,  which  may  be  gilt,  of  about  No.  10 
size.  The  same  kind  of  hooks  may  be  used  in 
slinging  the  anodes  from  the  positive  bar. 

Tinning-Trays. — When  the  depositing  is  com- 
pleted, and  the  "  shell "  or  electrotype  is  removed 
from  its  matrix,  it  is  "  trimmed  "  and  placed  upon 
a  metal  tray  provided  with  high  handles,  and  the 
whole  is  finally  floated  in  a  bath  of  molten  "  back- 
ing metal,"  to  be  heated,  tinned,  and  "backed." 
The  process  is  detailed  at  p.  213.  Tinning-trays 
may  be  of  any  convenient  size ;  the  usual  dimen- 
sions admit  of  their  receiving  a  pair  of  4to  electro- 
types. They  are  of  iron,  cast  or  sheet ;  but  sheet 
iron  should  only  be  employed  for  small  operations, 
because  it  is  liable  to  warp  or  twist.  Planed 
cast-iron  trays,  with  high  handles  of  wood,  are 
best  adapted  to  the  work.  When  the  electro- 
types are  large  the  trays  are  lifted  into  the 
backing-bath  by  means  of  a  small  adjustable 
overhead  crane. 

The  Backing-bath,  —  This   consists   of   an   iron 
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tank,  frequently  2  by  2  by  i  foot,  nearly  filled  with 
the  metal  kept  in  a  molten  state.  The  heat  is 
employed  in  tinning  the  back  of  the  electrotypes 
and  the  metal  in  forming  the  backs.  Gas  or  coal 
may  be  employed  in  keeping  the  bath  at  the 
required  heat.  Kfirjn  and  level  ledging  of  some 
solid  substance  should  be  provided  around  three 
sides  of  the  bath  ;  it  should  be  about  2  feet 
wide,  or  according  to  the  size  of  the  tank ;  its  use 
is  to  receive  the  backing-trays  before  and  after  the 
operation. 

Circular  Saw. — This  is  brought  into  requisition 
in  cutting  away  superfluous  edges  of  electrotypes 
and  backing  metal.  It  may  be  from  2  to  8 
inches  in  diameter,  according  to  the  magnitude  of 
the  operations,  and  must  in  all  cases  have  fine 
well-cut  teeth.  These  saws  are  driven  upon  spindles 
by  foot,  hand,  or  power.  They  are  frequently 
mounted  in  a  lathe,  and  should  always  revolve 
at  high  speed.  A  gauge-plate  should  be  pro- 
vided towards  one  side  of  the  saw,  by  the  aid  of 
which  the  cutting  may  be  conducted  in  a  straight 
line,  at  the  required  depth.  The  table  or  base 
should  be  fitted  on  -rollers  to  move  with  the  electro- 
type, in  a  direct  line  parallel  with  the  ,saw  itself, 
and  a  glass  hood  should  be  fitted  over  the  saw  to 
catch  chips. 

Roughing  Lathe. — This  is  a  lathe  used  as  a  sur- 
facing tool ;  it  is  frequently  employed  in  lieu  of 
the  planing-machine  to  "  surface "  up  the  backs 
of  electrotypes  for  mounting  purposes.     The  chuck 
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is  usually  some  arrangement  fixed  to  a  true 
surface-plate,  by  means  of  which  the  electrotypes 
may  be  clamped  to  the  plate  and  revolved  with  it. 
The  tool  should  in  all  cases  be  fixed  in  a  traversing 
slide-rest,  and  must  have  a  keen  edge  and  acute 
angle  to  cut  the  backing  metal  off  rapidly.  A 
gauge  should  also  be  adjusted  to  allow  of  the 
correct  thickness  being  left  on  the  shell. 

Planer. — This  is  usually  a  hand-planing  ma- 
chine, with  a  planed  iron  bed,  racks,  and  hand- 
wheel,  by  means  of  which  the  plates  may  be 
moved  under  a  wide  knife,  set  at  an  angle  to 
remove  the  metal  to  the  regulated  thickness. 

Bevelling  Bench  and  Machine. — A  great  many 
electrotypes  are  bevelled  off  by  hand-filing,  others 
by  means  of  hand-planes  on  a  bench  fitted  with 
gauges  to  set  sizes.  Bevelling-machines  are  also 
in  use ;  these  are  used  only  in  the  larger  opera- 
tions. The  apparatus  consists  essentially  of  a 
sliding-bed  and  a  series  of  knives  revolving  at  a 
high  speed.  These  machines  usually  perform  the 
work  of  the  circular  saw,  in  addition  to  bevel- 
ling. For  plates  taken  on  convex  moulds,  used 
in  printing,  another  kind  of  planer  is  employed. 
These,  and  most  of  the  machines  here  men- 
tioned, are  now  made  by  Hoe  and  Co.,  of  New 
York. 

Mounting  Blocks. — ^The  wood  blocks  upon  which 
the.  finished  electrotypes  are  finally  mounted  for 
printing  purposes  are  almost  invariably  of  ma- 
hogany, well  seasoned.    The  wood  should  be  cut 
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up  square  and  flat,  slightly  thicker  than  it  will 
ultimately  be. 

Besides  these  tools  and  materials,  various  hand 
appliances  are  employed  in  the  "  correcting "  of 
electrotypes,  for  descriptions  of  which  reference 
should  be  made  to  Chapter  X. 


CHAPTER  VT. 

Moulding  Materials. 

In  most  cases  the  reproductions  of  objects  are  not 
obtained  by  depositing  electrotypes  direct  upon 
the  objects  themselves,  but  upon  copies  of  them 
in  various  moulding  materials.  Thus,  when  it  is 
required  to  obtain  an  electrotype  of  a  medal's  face, 
a  cake  of  moulding  material  is  prepared,  and  the 
medal  is  pressed  upon  it.  When  separated  from 
the  original  we  obtain  an  exact  copy  in  intaglio. 
This  copy  is  then  deposited  upon,  and  the  final 
result  is  a  reproduction  in  relievo.  This  is  the 
process  as  applicable  to  flat  work.  When  the 
work  is  rounded  or  undercut,  as  a  bust,  a  different 
material  and  moulding  method  must  be  adopted. 
AVe  are  concerned  with  the  material  of  which  the 
original  is  made,  and  with  its  shape ;  and  these 
particulars  must  be  known  before  a  suitable  mould- 
ing substance  can  be  selected  for  the  purpose. 
The  moulding  medium  must  not  in  the  process 
injure  the  original,  and  it  must  also  withstand  the 
effects  of  the  depositing  solution.  It  must,  further, 
be  either  a  conductor  of  electricity  itself  or  its 
surface  must  readily  receive  the  conducting  sub- 
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stances  used  for  the  purpose ;  and,  finally,  it  must 
not  swell  or  alter  in  bulk  when  placed  in  the  de- 
positing solution.  Instructions  for  the  use  of  these 
substances  are  given  in  the  succeeding  chapter. 

Materials  for  Flat  Work. — ^The  standard 
composition  which  the  author  recommends  above 
all  others  for  flat  metallic  work  and  ordinary  wood 
engravings  is  made  as  follows: — For  lo  lbs.  of 
the  material  cut  up  g  lbs.  of  commercial  bees'-wax, 
free  from  grit  or  impurities,  in  a  warm  pan ;  in- 
crease the  heat  and  stir  in  i  lb.  of  Venice  turpen- 
tine, and,  finally,  5  ozs.  of  the  very  finest  powdered 
plumbago.  Mix  thoroughly  at  a  gentle  heat. 
This  material  will  last  for  many  hundreds  of  im- 
pressions if  kept  perfectly  free  from  contamination 
with  foreign  substances.  The  after  process  of 
blackleading  causes  a  good  deal  of  extra  plum- 
bago to  come  into  the  composition,  but  it  may  be 
allowed  for  by  adding  a  little  more  wax  and  tur- 
pentine, as  the  substance  appears  to  require.  This 
is  for  pressed  worky  which  may  be  taken  to  include 
almost  all  the  surfaces  that  come  into  the  hands 
of  the  printers'  electrotyper. 

For  work  of  the  flat  kind  which  cannot  from 
its  nature  be  pressed,  the  following  material  may 
be  used : — Bees'-wax,  9  lbs. ;  hard  mutton  suet, 
2  lbs. ;  plumbago,  3  ozs.  When  the  mould  is  re- 
quired to  be  especially  sharp  in  the  finest  lines,  the 
suet  or  stearine  may  be  omitted,  and  5  lbs.  of  resin 
substituted.  The  melting-point  of  these  substances 
is  about  155°  F. 
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In  addition  to  these  materials  gutta-percha  is 
common,  but  it  must  always  be  well  pressed. 
When  carefully  treated  gutta-percha  is  one  of  the 
best  of  moulding  materials,  and  it  receives  the 
conducting  coating  of  blacklead  readily.  It  does 
not  alter  in  the  solution,  and  preserves  the  finest 
lines.  This  substance  is  more  extensively  used  on 
the  Continent  than  in  England.  It  should  always 
be  remembered  that  it  shrinks  while  cooling,  and 
that,  therefore,  much  pressure  is  required  just 
before  it  hardens  into  form.  The  kind  best 
adapted  for  moulding  work  is  simply  the  unmanu- 
factured but  purified  sheet,  about  three-eighths  of 
an  inch  in  thickness. 

Steel  Plate  Gutta-percha  Material. — This  also  is 
flat  work,  but  it  is  not  usual  to  press  steel  en- 
gravings in  case  of  accidents ;  the  copies  are, 
therefore,  taken  off  without  pressing.  The  mate- 
rial best  adapted  for  this  purpose  is  made  as 
follows : — Cut  up  and  melt  very  slowly  (in  a  porce- 
lain pan  if  possible)  9  lbs.  of  the  best  gutta-percha ; 
stir  in  and  thoroughly  mix  4  lbs.  of  refined  lard, 
and,  finally,  \  lb.  of  good  stearine.  The  latter  is 
not  generally  employed,  but  it  adds  to  the  rigidity 
of  the  finer  lines.  To  insure  that  the  lard  be  free 
from  grit  and  all  other  injurious  substances,  it 
may  be  melted  and  poured  into  water,  which 
should  be  hot,  and  afterwards  allowed  to  cool ; 
impurities  are  generally  precipitated  to  the  bottom 
of  the  vessel  by  these  means. 

But   gutta-percha  alone   may  be   employed  as 
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follows: — Place  9  lbs.  of  fine  gutta-percha,  cut 
small,  in  a  jar  which  can  be  covered  closely  ;  pour 
in  a  large  quantity  of  bisulphide  of  carbon,  and 
allow  to  digest  for  two  days.  The  required  quan- 
tity may  now  be  removed  and  heated  carefully  in 
a  porcelain  or  iron-enamelled  vessel ;  when  suffi- 
ciently thin  it  may  be  used  as  directed  in 
Chapter  VII.  Much  care  should  be  exercised  in 
the  use  of  carbon  bisulphide,  as  it  is  dangerously 
inflammable,  even  at  a  low  temperature.  It  gives 
off  an  abominable  smell.  Gutta-percha  dissolved 
as  above  may  be  used  for  a  variety  of  purposes, 
and  is  sometimes  employed  for  "  stopping  off"  the 
backs  of  moulding  pans. 

Fusible  Alloy. — The  chief  advantage  of  this 
material  is  that  it  is  of  itself  conductive,  and  re- 
quires no  after  preparation,  except  it  be  that  the 
back  must,  as  mounted  by  the  common  process, 
receive  a  coating  of  some  "  stopping  off"  material. 
It  is  adapted  to  the  moulding  of  most  surfaces  not 
liable  to  injury  on  the  application  of  a  heat  of 
2 1 2°  F.  or  a  little  over.  It  is  made  up  as  follows : — 
Melt  I  lb.  of  lead  in  a  clean  vessel,  and  stir  in 
I  lb.  of  tin,  and,  finally,  \\  lbs.  of  bismuth.  Stir 
well  and  thoroughly  incorporate  the  mixture  ;  pour 
out  gradually  into  water,  collect,  and  repeat  until 
a  complete  admixture  is  obtained.  It  melts  at 
2 1 2°  F.,  the  temperature  of  boiling  water.  For 
small  quantities  mix  lead  5  parts,  tin  3,  bismuth  8. 
The  first  cost  of  this  excellent  material  is  high, 
owing  to  the  price  of  bismuth,  but  it  serves  for 
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numerous  electrotypes.  It  expands  on  cooling, 
and,  consequently,  takes  a  very  sharp  impression. 
It  also  assumes  a  soft  but  firm  (not  thin)  condition 
before  setting,  which  admirably  adapts  it  for  the 
taking  of  copies  by  placing  and  pressing  the 
warmed  surface  upon  it  just  before  it  sets. 

Plaster  of  Paris. — This  well-known  material  is 
adopted  for  most  purposes  where  the  f  nest  lines  are 
9wt  required,  and  where  pressure  cannot  be  used. 
It  may  be  prepared  (so  as  to  insure  its  being 
fresh)  from  gypsum  (sulphate  of  lime).  The  sub- 
stance is  heated  carefully  to  about  500°  F.  If  the 
heat  should  be  greater  than  this  the  plaster  may  be 
worthless,  and  may  fail  to  set.  When  all  the  water 
of  crystallization  is  driven  off  the  residue  is  plaster 
of  Paris.  When  purchased  it  must  be  fresh,  other- 
wise it  will  fail  to  set,  or  will  set  only  very  slowly. 
Before  being  used  it  should  be  carefully  sifted, 
more  especially  if  the  work  be  small  or  fine,  to 
remove  accidental  impurities;  it  should  also  be 
warmed  in  an  oven.  When  used  it  is  mixed  with 
water  to  a  thin  paste,  and  poured  on  the  article  to 
be  copied,  the  surface  of  which  should  first  be 
coated  with  the  paste  by  means  of  a  brush ;  but 
full  directions  will  be  found  at  p.  172.  Plaster  of 
Paris  should  be  kept  in  close-stoppered  bottles.  It 
is  usually  sold  in  three  degrees  of  fineness. 

Stearine. — This  is  a  beautifully  white  substance, 
which  is  used  both  in  moulding  by  itself  and  in 
combination  with  other  materials.  It  is  prepared 
by  saponifying  tallow  with  milk  of  lime.     Ste^rate 
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of  lime  is  thus  produced,  which  is  decomposed  by 
sulphuric  acid ;  the  result  is  sulphate  of  lime  and 
pure  stearic  acid.  Paraffin  is  sometimes  employed 
in  place  of  stearine,  but  it  is  more  expensive  and 
offers  higher  resistance  to  the  currents. 

Rounded  and  Undercut  Work. — Art  work  is 
usually,  except  in  the  case  of  flat  surfaces,  moulded 
from  in  plaster,  wax,  fusible  alloy,  or  elastic  com- 
position. All  undercut  work  should  be  copied  in 
elastic  composition  if  the  original  must  be  pre- 
served. 

Elastic  Composition. — Copies  of  all  kinds  of  work 
which  cannot  conveniently  be  moulded  from  in 
sections  may  be  made  in  this  composition.  It  is 
elastic,  readily  cut,  can  be  rendered  highly  con- 
ductive, and  springs  into  its  proper  form  after 
being  disturbed.  This  valuable  substance  is  made 
as  follows : — 8  lbs.  of  glue  of  good  quality  is 
soaked  until  quite  soft  in  cold  water;  it  is  then 
placed  in  a  common  glue-pot  and  mixed  with  2  lbs. 
of  treacle.  The  whole  is  heated  and  thoroughly 
incorporated  by  stirring.  When  the  mould  is  not 
likely  to  be  roughly  handled  \  lb.  of  bees'-wax 
may  be  added  to  the  mixture.  This  material  is 
poured  around  the  prepared  object,  and  when  set 
may  be  cut  open  from  top  to  bottom  and  the  object 
removed ;  the  mould  will  now  spring  into  its  ori- 
ginal position  and  shape. 

When  the  elastic  moulding  material  is  placed  in 
an  ordinary  depositing  solution,  without  being 
previously  protected,  it  is  very  apt  to  absorb  water 
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and  swell.  This  may  to  a  great  extent  be  pre- 
vented by  increasing  the  proportion  of  wax,  but 
it  is  usually  better  to  protect  the  surface  by  im- 
mersion in  a  weak  solution  of  bichromate  of  potash 
and  drying  in  the  sun  ;  an  insoluble  coating  is 
thus  secured.  Tannic  acid  is  also  frequently  em- 
ployed for  the  same  purpose  ;  it  is  incorporated 
with  the  hot  mixture  at  the  rate  of  2  parts  for 
each  100  parts  of  glue.  When  care  is  exercised 
to  "stop  off"  the  exposed  portions  of  the  com- 
position, before  placing  in  the  depositing  solution, 
by  means  of  gutta-percha  varnish  (gutta-percha 
dissolved  in  carbon  disulphide),  and  perfectly  pro- 
tecting the  interior  by  conducting  substances,  there 
is  usually  little  danger  of  absorption.  The  rate  of 
deposition  must,  however,  be  rapid. 

The  composition  may  be  used  many  times.  Its 
proper  sphere  is,  however,  not  as  a  matrix  upon 
which  the  electrotype  may  be  deposited,  but  as  a 
preliminary  mould,  as  follows  : — The  elastic  com- 
position is  poured  around  the  object,  allowed  to 
set,  slit  up,  and  the  object  removed.  The  elastic 
mould  is  now  supported  by  a  casing  of  sheet  metal 
or  paper,  and  a  second  model  is  formed  within  it. 
This  second  model  is  in  turn  moulded  from  in 
plaster,  and  finally  run  out  by  heat.  The  plaster 
mould  is,  therefore,  employed  as  a  matrix  in  the 
depositing  vessel,  as  further  explained  at  p.  171. 

CoTuposition  for  obtaining  a  Cast  in  Plaster. — The 
material  usually  employed  is  made  as  follows  : — 
Bees'- wax,  8  lbs. ;  resin,  7  lbs.;  tallow,  i  lb.   These 
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ingredients  are  thoroughly  mixed  by  the  aid  of 
heat  and  stirring.  The  composition  should  not 
be  poured  into  the  mould  until  it  is  nearly  set- 
ting, because  the  heat  may  cause  complete  union 
between  the  two  and  render  the  cast  useless. 

When  this  second  model  is  to  be  deposited  upon 
direct,  a  little  powdered  blacklead  may  be  added 
to  the  composition  before  pouring  ;  and  to  render 
it  fit  for  receiving  a  conductive  coating  after- 
wards the  resin  should  be  omitted  and  ^  lb.  of 
the  following  solution  substituted : — Dissolve  i 
part  of  phosphorus  (by  weight)  in  15  parts  of 
carbon  disulphide.  Handle  with  the  greatest  pos- 
sible care,  as  it  is  a  dangerous  substance  when 
accidentally  spilled  near  a  fire  or  among  rubbish. 
The  model  is  then  rendered  conductive  by  other 
solutions  and  means,  particulars  of  which  are 
given  in  the  succeeding  chapter. 

Marine  Glue. — This  composition  is  very  useful 
in  moulding  and  in  many  other  kinds  of  work.  It 
is  made  as  follows : — Dissolve  i  lb.  of  caoutchouc 
in  4  gallons  of  wood  naphtha,  and  allow  it  to  stand 
for  two  weeks ;  further,  add  2  parts  of  shellac  to 
I  of  the  mixture ;  heat  very  carefully,  mix,  and 
cool  on  marble  slabs.  In  heating  and  mixing  all 
these  compounds  in  which  bisulphide  of  carbon  or 
naphtha  forms  a  part,  much  care  is  necessary  to 
avoid  an  outbreak  of  flames,  so  that  the  operations 
should  be  conducted  out  of  doors  over  a  closed 
source  of  heat,  or  within  the  building,  with  steam 
as  a  source  of  heat. 


PLUMBAGO.  149 

"  Stopptng-off"  Compozmd. — Those  portions  of  a 
matrix  or  an  original  where  the  deposit  of  copper 
is  not  required,  as  on  the  back  of  moulding  trays  in 
printing  work,  the  backs  of  casts  taken  in  fusible 
alloy,  and  portions  of  moulds  accidentally  ren- 
dered conductive  when  not  required,  must  be 
stopped  off  to  prevent  the  deposit  from  spreading 
upon  them.  Various  varnishes  are  used  for  this 
purpose,  but  the  least  expensive  and  most  readily 
applied  are  best  adapted  to  the  wants  of  the  electro- 
typer.  The  most  generally  useful  material  is 
simply  melted  bees'-wax,  or  the  ordinary  bees'- 
wax  composition,  free  from  plumbago.  Stearine 
may  be  used,  also  paraffin,  engravers'  varnish, 
or  gutta-percha.  In  hot  cyanide  solutions  copal 
varnish  may  be  used,  or  the  following: — Resin, 
10  parts;  bees'-wax,  6;  sealing-wax,  4;  rouge,  3. 
These  are  mixed  by  heat  and  stirring,  and  applied 
while  liquid  with  a  brush. 

Plumhago-Blacklead.  —  This  substance,  errone- 
ously thought  by  many  to  be  a  variety  of  lead,  is 
in  some  respects  identical  with  finely-powdered 
graphite,  or  gas  carbon ;  it  is,  indeed,  a  variety  of 
carbon,  in  combination  with  iron. 

Owing  to  its  adherent  nature  and  excellent  con- 
ductive power,  it  forms  the  best  known  and  most 
generally  applicable  conducting  surface  for  electro- 
type moulds.  Some  specimens  of  plumbago  are 
found  to  conduct  electricity  freely,  others  are 
almost  useless.  The  common  varieties,  used  for 
household  purposes,  are  almost  all  bad  conductors. 
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except,  perhaps,  Nixey's,  which  may  be  employed 
for  most  common  work.  The  finer  varieties  are 
distinguished  for  their  power  of  rapidly  imparting 
a  brilliant  texture  to  almost  any  surface,  with  little 
friction,  and  for  their  tendency  to  cover  a  large 
surface  with  little  expenditure  of  substance.  It  is, 
therefore,  economy  to  employ  only  the  best  quality 
procurable,  of  wholesale  chemists  or  instrument 
dealers. 

However  well  ground,  plumbago  is  apt  to  con- 
tain grit,  or  grains  too  large  for  the  surfacing 
process;  it  should,  therefore,  be  carefully  sifted 
through  muslin  or  a  fine  wire  sieve,  and  should  be 
stored  in  glass  bottles  protected  from  dust. 

It  is  usually  applied  to  the  moulds  dry,  because 
the  thinnest  possible  coating  only  is  required  and 
permissible,  and  because  moistening  the  powder 
creates  a  paste,  which  can  never  be  properly  spread 
or  cleared  out  of  the  finer  lines  of  engravings  in 
the  polishing  process.  It  is  frequently  sprinkled 
over  a  wax  mould  before  impressing  it,  and  if 
evenly  done  this  plan  is  very  useful  as  assisting 
the  after  process.  Plumbago  is  always  used  to 
polish  up  woodcuts  and  type  before  taking  impres- 
sions of  them  in  moulding  material ;  it  prevents 
seizing  between  the  surfaces.  In  the  case  of  taking 
electrotypes  of  the  intaglio  kind  direct  from  sur- 
faces, plumbago  polish,  when  it  can  be  applied, 
prevents  actual  seizing  between  the  new  and  the 
old  metal,  and  assists  in  their  after  separation.  It 
is  also  employed  to  form  a  part  of  the  usual  mould- 
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ing  compositions,  and  not  only  assists  in  checking 
the  shrinking  tendency,  but  aids  the  conducting 
qualities  of  the  compound,  and  facilitates  the 
formation  of  a  good  conducting  surface.  The 
polishing  process  is  often  injurious  to  health  by 
reason  of  the  dust  raised;  but  this  is  easily  ob- 
viated by  the  use  of  a  glass  case,  a  device  which  is 
frequently  employed. 


CHAPTER  VII. 

Preparation  of  the  Work. 

In  this  section  we  enter  upon  a  consideration  of 
that  portion  of  the  electrotyper's  art  which  calls 
for  all  the  patience  and  forethought  usually  found 
in  skilful  operators.  The  success  of  the  depositing 
process  depends  in  a  great  measure  upon  the  faith- 
fulness with  which  the  mould  is  produced,  and  the 
care  exercised  in  rendering  it  conductive  of  elec- 
tricity ;  and  these  are  the  chief  operations  in  elec- 
tro-typing next  to  the  depositing  process  itself. 
While  the  depositing  process  depends  upon  the 
operator's  knowledge  of  the  laws  of  electro-deposi- 
tion, this  present  portion  of  the  art  relies  altogether 
upon  his  manipulatory  skill  and  his  foresight. 

The  preparation  of  the  work  signifies  the  produc- 
tion of  copies  from  it,  in  various  materials,  and 
rendering  these  copies  fit  to  receive  the  electro- 
type ;  thus  the  original  work  is  seldom  employed 
in  the  actual  process  of  depositing  the  electrotype ; 
it  is  no  longer  required  immediately  after  the  im- 
pression has  been  secured.  In  some  cases  "  pre- 
paration"   may  signify   getting    the  work  itself 
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ready  to  be  deposited  upon;  it  will  therefore  be 
observed  that  in  cases  of  the  latter  description,  the 
electrotype  obtained  is  in  intaglio^  and  must  be  in 
turn  deposited  upon  to  secure  a  copy  of  the  ori- 
ginal in  relievo. 

The  conducting  surface  is  an  artificial  coating 
carefully  laid  upon  the  impression.  If  the  sub- 
stances in  which  the  impressions  have  been  taken 
are  non-conductors  (as  most  of  such  substances 
are),  they  must  be  rendered  conductive  over 
every  line  of  their  faces  to  receive  the  deposit. 
This  conducting  film  must  in  turn  be  in  perfect 
metallic  contact  with  the  negative  pole  of  the 
electric  source;  and  this  connection  must,  more- 
over, be  well  distributed  to  different  parts  of  the 
surface,  otherwise  the  deposit  will  evince  a  ten- 
dency to  fall  most  copiously  upon  those  portions  in 
immediate  contact  with  the  negative  pole.  The 
deposit  and  mould  face,  when  separated,  are  found 
to  be  perfectly  dry. 

Preparation  of  Coins,  Medals,  and  Small  Flat 
Surfaces. — To  prepare  the  surface  of  a  medallion, 
for  example,  so  that  an  electrotype  in  intaglio  may 
be  obtained  from  it,  the  back  should  be  well  var- 
nished over  with  melted  bees'-wax,  or  other  stop- 
ping-off  material  mentioned  at  p.  149.  This  will 
prevent  the  deposit  from  spreading  over  the  back. 
The  face  itself  should  be  lightly  cleaned  to  free  it 
from  extraneous  dirt,  and  it  should  afterwards  be 
rubbed  over  with  turpentine  in  which  a  very  little 
bees'-wax  has  been  dissolved,  to  prevent  the  de- 
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posit  from  obtaining  absolute  adhesion;  otherwise 
the  electrotype  could  not  be  separated  from  the 
original.  In  most  instances  the  conducting  wire 
cannot  be  soldered  to  the  article  without  marking 
it;  in  those  cases  the  coin  may  be  hung  in  the 
solution  in  a  double  loop  of  copper  wire  opposite 
to  the  anode.  When  the  wire  may  be  soldered, 
it  should  be  fastened  to  the 
back  of  the  coin,  or  to  its  edge 
(Fig.  2i). 

Medallion  Depositing  Trays. 
— ^The  author  employs  for  the 
purpose  of  taking  electrotypes 
in  intaglio,  of  coins  and  small 
circular  articles,  cases  stamped 
in  thin  sheet  copper,  forming 
shallow  circular  trays,  with 
hooks  soldered  to  the  back 
(Fig.  22).  All  parts  of  the  trays 
except  the  circular  interior  are 
varnished  over  (stopped  off)  with  japan  black. 
To  copy  one  side  of  a  coin,  or  medal,  it  is  thus 
only  necessary  to  drop  it  into  one  of  the  trays 
adapted  to  its  size,  rub  its  surface  over  with 
the  prepared  turpentine,  and  hang  it  in  the  solu- 
tion to  be  deposited  upon ;  its  contact  with  the 
back  of  the  tray  insures  perfect  conduction  to  the 
current.  These  trays  can  at  a  trifling  expense 
be  adapted,  in  a  complete  set,  to  take  from  a 
medallion  of  four  inches  to  a  coin  of  one-fourth 
inch.    A  set  of  three  dozen,  graduating  in  size  by 


Fig.  21. — Mould  from  a 
Medal. 
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one-eighth  of  an   inch,  will  be  found   to  answer 
every  purpose  of  the  kind. 

The  same  trays  may  be  used  as  moulding-boxes 
for  all  flat  work  of  the  medallion  description,  where 
the  electrotype  is  deposited  upon  the  mould  to 
produce  a  relievo  copy.  This  method  is  most  de- 
cidedly better  in  all  possible  respects  than  the  old 
one  of  taking  the  mould  on  a  cake  of  the  com- 
position, when  a  wire  is  employed  to  give  contact. 


Fig.  22.— Medallion  Depositing  Trays. 

and  very  imperfect  contact  too,  aided  by  blacklead 
conduction  only. 

But  for  the  benefit  of  those  who  cannot  obtain  a 
set  of  these  trays,  or  incur  the  expense  (about  5s.) 
of  having  them  made,  the  old  process  of  copying 
coins  is  here  described. 

Moulds  for  the  deposition  of  relievo  electrotypes 
of  coins  and  medallions  are  made  from  fusible 
alloy,  wax  compound  (p.  142),  gutta-percha,  plaster 
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of  Paris,  and  other  materials  mentioned  and  de- 
scribed in  the  preceding  chapter. 

To  obtain  the  copy  in  fusible  alloy,  the  metal  is 
melted  and  poured  into  a  holder,  as  a  pill-box 
cover,  or  one  of  the  trays  above-mentioned.  The 
medal  is  attached  to  a  holder,  and,  just  before  the 
alloy  begins  to  set,  it  is  skimmed  by  passing  a 
card  over  its  surface,  and  the  medal  brought  down 
and  pressed  tightly  on  the  alloy  until  it  cools.  An 
exceedingly  sharp  copy  is  thus  obtained.  If  the 
alloy  is  at  first  poured  into  one  of  the  trays,  it  is 
ready  for  the  bath  as  soon  as  its  surface  has  been 
treated  with  the  prepared  turpentine  (turpentine  in 
which  a  little  bees'-wax  has  been  dissolved) ;  but  if 
it  is  poured  into  any  other  case,  a  wire  must  be 
heated  and  attached  to  its  back,  which  must  be 
afterwards  varnished.  The  mould  is  now  ready  to 
receive  the  deposit. 

To  obtain  a  mould  in  wax  composition  (p.  142), 
a  cake  of  the  material  should  be  poured  into  a  de- 
positing tray,  or  merely  on  a  level  surface.  The 
medal  is  prepared  by  being  cleaned  over  its  face, 
and  lightly  dusted  with  plumbago,  which  is 
brushed  off  in  circular  strokes ;  it  is  then  placed 
face  downwards  on  the  composition,  and  pressure 
applied.  Any  of  the  means  suggested  at  p.  134. 
may  be  used  in  obtaining  pressure.  When  suffi- 
ciently pressed,  the  medal  may  be  detached  by 
carefully  placing  the  edge  of  a  sharp  knife  under 
it  at  opposite  sides.  If  the  wax  should  have  ad- 
hered to  the  medal  the  process  must  be  repeated. 
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A  satisfactory  copy  having  been  obtained, 
some  plumbago  is  dusted  over  its  surface,  and 
brushed  into  it  gently  with  the  brushes  men- 
tioned at  p.  135.  In  a  short  time  a  good  conduct- 
ing film  will  thus  be  secured.  If  the  copy  be  taken 
on  a  cake  of  composition,  a  wire  must  be  heated 
and  fastened  in  the  back,  the  blackleading  being 
carried  up  to  and  around  the  wire.  If  the  medal 
should  be  over  2  inches  in  diameter,  the  conducting 
wire  may  be  made  into  a  hoop,  and  should  be 
fastened  around  the  edge  of  the  cake  or  mould.  In 
this  way  the  conducting  surface  can  be  led  to  the 
wire  at  several  points.  If  the  author's  suggestions 
regarding  trays  be  employed,  all  this  trouble  will 
be  saved,  because  the  conducting  face  will  be  sur- 
rounded by  the  metallic  edge  of  the  tray,  and  the 
deposition  can  only  take  place  over  the  face  of  the 
mould.  In  either  case  the  matrix  is  now  ready  to 
be  placed  in  the  solution  to  receive  the  deposit. 

If  the  blackleading  has  been  carelessly  per- 
formed, the  result  will  soon  be  disagreeably  appa- 
rent. If  there  should  be  a  defect  of  conduction 
where  the  wire  joins  the  mould,  all  deposit  upon 
the  latter  will  fail,  and  copper  will  only  appear 
upon  the  wire  itself.  If  there  should  be  defects  of 
conduction  at  any  parts  of  the  mould,  the  deposit 
will  fail  at  these  parts,  and  holes  will  appear  in  the 
electrotype. 

Every  mould,  when  first  put  in  the  solution,  is 
apt  at  first  to  repel  the  liquidy  and  to  retain  upon 
its  surface  di  film  of  air ^  especially  in  the  hollows 
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Thus,  air-holes  frequently  appear  in  electrotypes. 
Hence,  every  mouldy  before  being  put  into  the  deposit- 
ing vessely  should  be  thoroughly  moistened  all  over  its 
surface;  this  is  done  by  allowing  a  stream  of  water 
to  fall  gently  upon  it  for  some  minutes.  The  larger 
the  mould  the  more  necessary  is  this  precaution. 
Large  moulds  of  printers'  electrotypes  are  first 
covered  with  water  to  a  depth  of  i  inch,  and  a 
stream  is  then  directed  over  the  surfaces  by  means 
of  a  hose.  This  is  the  last  operation  before  placing 
in  the  solution. 

In  cases  where  the  medallion  will  not  stand 
pressure,  the  mould  must  be  made  in  some  substance 
which  can  be  poured  over  its  surface.  Plaster  of 
Paris  may  be  employed,  but  the  steel  engraving 
moulding  material,  mentioned  at  p.  143,  is  best 
adapted  for  the  purpose,  and  gives  least  subsequent 
trouble.  The  surface  of  the  medal  may  either  be 
very  lightly  oiled,  or  brushed  over  with  a  little 
plumbago.  It  should  then  be  surrounded  by  a  rim 
of  gum  paper  or  tin  (a  complete  set  of  rims,  in  tin, 
should  be  kept),  and  the  composition  carefully 
poured  on,  beginning  at  the  middle  in  order  to 
exclude  air  bubbles.  When  the  composition  has 
fully  set,  which  may  take  about  ten  hours,  the  rim 
is  removed  and  the  mould  detached.  This  mould 
may  be  treated  as  a  cake  of  composition,  as 
directed  above ;  but  it  is  better  to  place  it,  back 
downwards,  in  a  medallion  tray^  and  to  polish  up 
its  face  with  plumbago  there ;  the  trouble  of  fixing 
a  wire  is  thus  avoided. 
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Plaster  casts  may  be  copied  in  the  same  man- 
ner, but  the  plaster  must,  previous  to  pouring  on 
the  moulding  material,  be  soaked  in  water.  The 
same  kind  of  work  may  also  be  copied  in  plaster 
itself.  When  the  plaster  copy  is  secured  it  should 
be  baked  to  expel  moisture,  and  must  be  saturated 
with  tallow  or  stearine  to  prevent  its  absorbing 
the  solution.  It  may,  in  doing  this,  be  placed  in  a 
shalloio  layer  of  melted  stearine,  back  down,  and 
left  there  until  the  substance  soaks  through  to 
the  face ;  it  may  then  be  removed,  cooled,  and 
polished  up  with  plumbago  as  usual.  Again,  the 
depositing  tray  may  be  used  with  advantage. 

Both  sides  of  a  medallion  or  coin  may  be  electro- 
typed  by  two  methods.  The  first  and  most  com- 
mon method  is  as  follows  : — The  coin  is  surrounded 
by  a  rim  of  stiff  gummed  paper,  extending  about 
one-third  of  an  inch  beyond  its  faces ;  the  rim  is 
thus  double.  The  moulding  material,  which  may 
be  the  wax  mixture  used  for  pouring  purposes,  or 
even  plaster,  must  be  poured  into  one  side  first  and 
allowed  to  set,  when  the  other  side  may  be  poured ; 
much  care  should  be  taken  to  avoid  air  bubbles  by 
distributing  from  the  centre  outwards.  Both  moulds 
may  now  be  removed  and  deposited  upon.  The 
deposits  may  subsequently  be  mounted  side  by 
side,  or  may  be  soldered  together.  In  some  cases 
gutta-percha  is  used  to  take  the  mould  with  ;  it  is 
softened  in  hot  water  and  two  balls  pinched  off 
the  piece.  These  are  applied  at  either  side  of  the 
coin  simultaneously  by  pressing  the  balls  upon  the 
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centres  of  the  faces  and  working  oiit  towards  the 
edge  to  exclude  air  bubbles.  Pressure  must  after- 
wards be  applied,  and  increased  as  the  gutta-percha 
hardens.  The  moulds  when  separated  from  the 
original  may  be  fitted  into  medallion-trays,  black- 
leaded,  and  deposited  upon,  or,  in  the  case  of  no 
trays  being  at  hand,  wires  must  be  heated  and 
fixed  in  the  backs  and  the  blackleading  continued 
around  the  wires. 

Another  plan  may  be  adopted,  as  above  sug- 
gested, and  it  is  the  better  of  the  two.  A  disc  of 
stiff  shellac- varnished  paper  is  cut  one-third  larger 
in  diameter  than  the  medallion,  and  a  circle  the 
exact  size  of  the  latter  cut  from  it  by  means  of  a 
punch  or  a  sharp  knife.  The  flat  ring  of  stiff  paper 
thus  obtained  is  to  be  fitted  over  the  edge  of  the 
medallion  to  the  central  line ;  it  thus,  as  it  were, 
divides  the  medallion  into  two  equal  discs  or  halves. 
The  medallion  is  then  carefully  rubbed  over  with 
prepared  turpentine,  and  placed  in  a  wire  stirrup 
to  be  deposited  upon.  It  may  be  hung  near  to  an 
anode  and  turned  on  the  stirrup  every  few  hours 
until  two  thick  deposits  are  secured  ;  these  deposits 
will  be  found  separated  by  the  paper  ring.  When 
removed  from  the  depositing  vessel  the  electro- 
types may  be  separated  from  the  original  by 
running  a  thin  knife  around  between  them,  and 
rapidly  heating  both  coatings ;  a  few  taps  usually 
separates  them.  Thus  two  intaglio  copies  are 
secured  at  once.  If  it  be  desired  to  obtain  one 
complete  copy  in  any  of  the  softer  metals,  fusible 
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alloy  may  be  employed  as  follows : — ^Place  one 
side  of  the  trimmed  electrotype  face  up  in  a  stiff 
cardboard  ring  ;  melt  some  fusible  alloy,  and  skim 
it ;  pour  the  alloy  to  a  moderate  thickness  on  the 
electrotype  face,  skim  it,  and  instantly  place  the 
other  half  above  the  alloy,  face  downwards.  A  little 
pressure  will  force  out  the  superfluous  metal  and 
secure  an  excellent  and  sharp  copy  of  the  original 
in  fusible  alloy. 

Or,  commencing  again  at  the  beginning,  two 
copies,  one  of  each  side  of  a  medallion,  may  be 
secured  as  follows  : — Pour  a  cake  of  wax  composi- 
tion into  two  medallion-trays ;  rub  the  medallion 
over  the  faces  with  plumbago,  press  one  face  and 
take  a  copy  in  one  tray,  and,  when  removed,  in  the 
other.  These  moulds  when  polished  with  plumbago 
are  now  ready  to  be  deposited  upon.  The  trimmed 
deposits  may,  if  desired,  be  soldered  together  or 
exhibited  separately. 

The  various  methods  applicable  to  the  moulding 
and  preparation  of  coins  and  medallions  have  thus 
been  described.  The  new  method  of  employing 
medallion-trays  greatly  simplifies  the  whole  opera- 
tion, and  allows  of  its  being  accomplished  in  one- 
fourth  the  ordinary  time  with  greater  certainty  of 
successful  deposition. 

Flat  Printing  Surfaces. — We  now  enter 
upon  a  more  important  division  of  the  subject, 
where  the  composition,  pressure,  and  blackleading 
all  call  for  careful  selection  and  accomplishment. 

Flat  work  includes  engraved  wood  blocks  and 
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t3rpe  set  up  in  the  usual  formes.  Matter  to  be 
electrotyped  should  be  set  up  with  high  spaces, 
otherwise  plaster  of  Paris  must  be  employed  to 
raise  the  lower  levels.  Low  spaces,  when  the 
matter  is  moulded,  cause  long  projections  of  the 
moulding  composition  to  protrude  from  the  general 
surface  of  the  intaglio  copy.  These  spaces  not  only 
prevent  the  operation  of  blackleading  being  per- 
formed satisfactorily,  but  act  in  the  worst  manner 
in  collecting  the  deposit  upon  themselves  when  in 
the  solution,  to  the  proportionate  weakening  of 
the  letters,  which  lie  much  deeper  in  the  moulds. 
When  a  mould  must  be  taken  from  low-spaced 
matter  it  will  save  much  subsequent  trouble  to 
proceed  as  follows : — After  the  matter  has  been 
reimposed  and  arranged  level,  pour  plaster,  in  a 
thin  paste,  on  the  face  and  rub  in  by  hand ;  just 
before  the  plaster  sets  apply  a  rather  stiff  brush  to 
remove  all  plaster  from  the  general  surface  of  the 
forme  and  the  beards  of  the  letters.  The  object  is 
to  reduce  the  hollows  by  filling  up  as  much  as  pos- 
sible consistent  with  clearness  in  the  printing.  Set 
the  type  up  to  dry  the  plaster,  and  afterwards  go 
again  over  the  face  with  a  stiff  brush  to  remove  all 
trace  of  plaster  from  the  letters  themselves.  This 
process  is  technically  known  as  "  floating." 

To  prepare  the  set-up  type  for  moulding,  after 
proper  planing  and  locking-up,  the  letters  are 
brushed  over  with  the  lye  to  clear  oif  all  traces  of 
old  ink.  Upon  the  dry  surface  is  sprinkled  a 
quantity  of  finely-powdered  plumbago,  which  is 
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then  polished  all  over  the  surface  with  a  mode- 
rately stiff  brush.  When  wood  blocks  are  present 
a  softer  brush  should  be  used.  After  a  good  polish 
is  secured,  all  loose  dust  must  be  removed  by  the 
brush  and  blowing  with  the  breath.  The  matter 
is  then  ready,  after  a  final  examination,  for  the 
moulding  process. 

Wood  blocks  are  prepared  much  in  the  same 
way ;  they  are  carefully  cleaned  off  with  turpen- 
tine, examined,  and  allowed  to  dry.  Blacklead  is 
then  sparingly  applied  and  well  polished  with  a 
soft  brush ;  loose  dust  is  blown  away,  and  the  sur- 
face is  ready  for  moulding. 

The  blackleading  process  is  doubly  useful ;  it 
prevents  "seizing"  between  the  surface  and  the 
moulding  composition,  and  it  leaves  a  slight  coat- 
ing on  the  mould,  which  both  assists  the  subse- 
quent blackleading  process  and  insures  conduc- 
tion to  every  hollow. 

The  moulding  composition  mentioned  as  "  stand- 
ard," p.  142,  is  now  prepared,  and  when  ready  is 
poured  evenly  into  the  level  depositing-tray  (p.  133). 
The  tray  is  filled  and  the  setting  surface  watched ; 
air  bubbles  must  be  quickly  and  decisively  broken 
and  the  surface  arranged  to  set  level.  If  it  begin 
to  fall  in  the  centre,  quickly  fill  in  more  hot  com- 
position, and  run  a  rule  or  side-stick  over  the  sur- 
face. The  composition  sets  very  quickly,  espe- 
cially in  cold  weather,  unless  the  tray  be  warmed 
before  pouring  in  the  composition. 

A  final  examination  of  the  mould  composition 
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and  type  or  engraving  is  made  before  moulding. 
The  type  or  block  is  placed  upon  the  clean  and 
level  bed  of  the  press,  face  upwards,  and  the 
mould-tray  lifted  over  it,  face  to  face.  Care  should 
be  taken  to  so  arrange  the  mould-frame  that  the 
impression  may  fall  centrally,  otherwise  much 
damage  may  be  done  to  the  type  or  block.  The 
press  is  now  set  into  action,  and  a  gentle  squeeze 
given.  The  type  or  block  is  then  lifted  carefully 
off  the  mould-face  to  find  whether  they  have 
"  seized ;  "  if  not,  they  are  again  placed  together, 
care  being  taken  to  insure  that  the  surface  shall 
"  fall  fair."  The  sense  of  touch  usually  guides  the 
operator  at  this  stage,  but  a  gauge  may  be  used. 
A  good  deal  of  pressure  is  now  applied,  and  the 
mould  and  type  or  block  finally  released. 

In  some  establishments  it  is  usual  to  carefully 
finish  the  surface  to  guard  against  "  seizing,"  and 
to  neglect  the  preliminary  examination  mentioned 
above.  In  either  case  care  is  necessary  in  sepa- 
rating the  surface  and  mould  after  the  final  pressure 
has  been  given.  It  is  usual  to  employ  a  pair  of 
chisel-like  levers  for  this  purpose,  one  being  placed 
under  the  mould-frame  at  either  end,  and  the 
mould  forced  gently  upwards.  The  sides  are  next 
released,  and  the  mould  lifted  cleanly  off  the 
surface.  A  close  examination  will  reveal  whether 
the  copy  is  perfect  and  unbroken.  If  the  pressure 
has  been  too  great  the  mould  is  apt  to  seize,  and  if 
too  light,  it  is  not  impressed  to  a  sufficient  depth  to 
insure  clean  printing. 
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Small  surfaces  can  be  moulded  by  light  pressure, 
but  large  surfaces  require  a  pressure  of  several 
tons.  Hence  it  is  impracticable  to  give  figures  as 
to  the  exact  pressure  required.  A  skilful  work- 
man can  soon  discover  by  the  sense  of  touch  whether 
he  is  pressing  too  much  or  too  little.  The  appear- 
ance of  the  forced-out  margin  of  wax  is  also  a 
guide. 

Electrotypes  before  being  moulded  from  should 
in  all  cases  be  removed  from  their  blocks;  this 
may  be  done  by  means  of  a  thin  chisel-edge; 
bending  must  be  particularly  avoided. 

The  mould,  when  secured,  is  trimmed  and 
"  built "  by  a  special  workman  before  being  black- 
leaded.  The  chief  object  of  this  operation  is  to 
raise  the  general  level  of  the  hollows  to  insure  the 
required  depth  of  the  electrotype  in  the  "  whites," 
where  it  is  apt  to  black  in  the  printing  process. 
The  hollows  are  built  up  by  the  aid  of  a  knife  and 
melted  wax,  and  a  smooth  surface  produced.  A 
hot  building-tool  is  also  employed,  from  the  taper 
point  of  which  wax  is  run  into  the  required  portions 
of  the  mould.  Matter  that  has  been  moulded  from 
(with  low  spaces)  without  being  "  floated "  gives 
much  trouble  at  this  stage,  because  these  numerous 
projecting  pieces  of  wax  must  be  removed  with  the 
knife,  and  much  care  and  skill  are  necessary  to 
avoid  injury  to  the  mould. 

The  conducting  surface  to  be  given  to  impres- 
sions is  the  next  consideration.  In  the  kind  of 
work  above  described  blacklead  is  almost  univer- 
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sally  employed.  The  finest  quality  only  should  be 
used.  (See  p.  149.)  It  is  dusted  evenly  all  over  the 
surface,  and  if  the  work  is  to  be  done  by  hand, 
one  of  the  blackleading  brushes  spoken  of  at 
p.  135  must  be  employed.  The  powder  is  first 
beaten  into  every  portion  of  the  surface,  and  then 
gently  rubbed  in  circular  strokes  until  it  adheres 
to  the  impression  without  danger  of  leaving  naked 
spots  when  placed  in  the  depositing  solution.  The 
blackleading  must  be  continued  to  include  the 
edge  of  the  depositing  tray  at  all  points.  The 
main  object  is  to  obtain  an  equal  distribution  of 
conducting  power  all  round  the  blackleaded  surface. 
The  negative  pole  contact  from  the  battery  is,  of 
course,  secured  by  fastening  a  pair  of  hooks  in  the 
upper  part  of  the  tray  as  usual. 

Blackleading  by  machinery  has  already  been 
described  (p.  136) ;  the  process  should  not  be  carried 
further  than  to  obtain  a  good  surface  all  over  the 
mould. 

Before  placing  the  mould  in  the  solution  to 
receive  the  deposit  it  must,  if  the  tray  should  be  of 
the  old  type  (p.  133),  be  "stopped  off; "  that  is,  the 
back  and  sides  must  be  protected  by  a  layer  of 
varnish  or  moulding  composition  to  prevent  the 
deposit  from  spreading  over  these  portions.  If  the 
mould  should  be  made  in  one  of  the  insulated 
trays  (p.  133)  the  stopping  off  will  be  unnecessary. 

The  last  operation  to  be  performed,  previous  to 
depositing,  is  to  moisten  the  whole  surface  ot  the 
mould,  as  explained  in  connection  with  medallions. 
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Place  the  mould  face  upwards  and  cover  with  water 
to  the  depth  of  an  inch ;  then  direct  a  gentle  stream 
against  it  from  a  pipe  and  rose.  In  a  few  minutes 
the  surface  will  be  thoroughly  moistened  and  freed 
from  air;  an  examination  should,  however,  be 
made  just  prior  to  placing  it  in  the  solution,  and 
the  camel-hair  brush  passed  over  any  suspicious- 
looking  portion. 

The  depositing  process  and  final  preparation  of 
the  electrotype  for  printing  are  treated  in  distinct 
chapters ;  therefore  we  pass  on  to  a  consideration 
of  the  method  of  preparing  a  mould  from — 

Steel  Engravings.  —  This  work  is  different  in 
many  respects  from  ordinary  flat  surface  opera- 
tions ;  it  is  much  more  delicate,  and  should  be 
performed  with  special  care  at  every  stage  of  the 
process.  Pressure  is  seldom  used,  and  in  fact  is 
both  unnecessary  and  injurious,  because  steel  en- 
gravings are  shallow  in  the  "  whites "  and  apt  to 
be  twisted. 

The  operation  is  commenced  by  thoroughly 
cleaning  the  steel-plate  and  freeing  it  of  the  wax 
usually  spread  upon  it  for  protection.  This  is  most 
effectually  done  by  boiling  for  a  quarter  of  an  hour 
in  a  strong  solution  of  caustic  potash  (avoid  injury 
to  the  hands  by  this  compound).  Remove  and 
wash  thoroughly  under  the  tap ;  dry  by  rubbing 
with  a  soft  linen  cloth,  and  finally  wipe  with  a 
pad  of  cotton  moistened  with  spirits  of  wine. 

Surround  the  plate,  which  must  be  laid  face  up- 
wards on  a  level  surface,  with  iron  bars  to  form  a 
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boundary  for  the  composition,  and  have  in  readiness 
the  moulding  material  described  at  p.  143.  Pour 
on  the  composition,  beginning  at  the  centre  or  at 
one  comer,  until  it  spreads  all  over  the  face  to  a 
considerable  thickness.  Leave  to  set,  and  in  ten 
hours  remove  the  mould  ;  it  should  come  away 
without  difficulty.  Examine  the  face  of  the  mould 
minutely,  and  proceed  to  form  a  frame  of  angle 
pieces  of  thin  sheet  copper,  soldered  together  at 
the  corners.  These  strips  should  grasp  the  mould 
firmly  all  round  its  edge,  and  must  serve  the  pur- 
pose of  a  depositing  tray  by  having  two  hooks 
soldered  to  one  of  the  sides.  But  the  mould  may 
be  laid  face  up  in  a  square  depositing  tray  of  the 
medallion  description  instead. 

To  render  the  face  of  the  mould  conductive  pro- 
ceed as  follows  : — The  conducting  facing  suited  to 
this  class  of  work  consists  of  a  film  of  precipitated 
silver.  Dissolve  a  piece  of  phosphorus  in  2  drachms 
of  bisulphide  of  carbon,  stir  in  2  drachms  of  benzine 
and  a  drop  or  two  of  sulphuric  ether;  pour  the 
whole  into  half-a-pint  of  spirits  of  wine,  and  wash 
the  surface  of  the  mould  with  this  mixture  twice, 
allowing  it  to  dry  after  each  application. 

The  silver  solution  is  made  by  dissolving  i 
drachm  20  grains  of  nitrate  of  silver  in  a  mixture  of 
half-a-pint  of  alcohol  and  i  drachm  acetic  acid. 
The  mould  is  thoroughly  floated  once  with  this 
solution  and  allov/ed  to  dry  spontaneously. 

Another  and  simpler  method  of  rendering  the 
mould  conductive  is  in  use,  and  may  be  described 
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as  follows : — Dissolve  phosphorus  in  pure  alcohol 
until  a  strong  solution  is  obtained,  and  wash  the 
mould  with  the  mixture.  The  silver  solution  is 
prepared  by  dissolving  nitrate  of  silver  in  aqueous 
ammonia  to  saturation.  It  is  to  be  poured  evenly 
over  the  surface  of  the  mould,  and  allowed  to  float 
over  it  for  a  few  minutes ;  the  solution  is  poured 
off,  and  the  mould  allowed  to  become  partly  dry, 
when  it  is  again  floated  with  the  mixture.  Spots 
that  do  not  appear  to  take  the  solution  readily 
should  be  wetted  with  it  by  means  of  a  soft  brush. 

All  printing  surfaces  may  be  moulded  from  and 
arranged  for  the  depositing  process  by  either  of 
the  foregoing  means.  Gutta-percha  is  sometimes 
used  as  a  moulding  material,  but  it  usually  re- 
quires the  exercise  of  too  great  a  pressure  to  be 
generally  applicable,  at  least  to  set-up  type.  In 
the  case  of  moulding  engravings  upon  a  sheet 
of  gutta-percha,  the  material  should  be  rolled  into 
a  large  ball  by  softening  in  hot  water,  applied 
to  the  middle  of  the  surface  to  be  copied  and 
gradually  worked  out  to  the  edge  to  insure  the 
expulsion  of  all  air.  Pressure  is  then  applied, 
light  at  first,  but  increasing  as  the  material  begins 
to  cool,  and  heaviest  when  it  has  begun  to  set ; 
in  this  way  the  well-known  shrinking  qualities 
of  gutta-percha  may  be  compensated  for.  In  cases 
of  lines  extending  across  the  page,  in  depoisting 
from  set-up  type,  the  electrotype  is  very  apt  to  be 
weak  at  those  points,  but  they  may  be  strengthened 
by  stopping  off  the  general  surface  at  the  back. 
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wetting  the  weak  lines  with  a  solution  of  nitrate 
of  mercury  and  depositing  again  upon  them. 

Art  Work. — This  class  includes  all  kinds  of 
work  not  confined  to  the  printers'  electrotyper ; 
natural  objects,  reproductions  of  art  works  in 
plaster  or  other  material,  and  especially  such  ob- 
jects as  present  unusual  difficulties  in  moulding. 
A  knowledge  of  the  art  of  casting  or  moulding, 
however  slight,  will  greatly  aid  the  operator  at  this 
stage.  Printers'  electrotypers  usually  confine  their 
operations  to  the  reproduction  of  printing  surfaces  ; 
the  art  electrotyper,  on  the  other  hand,  is  pre- 
pared to  reproduce  both  flat  and  rounded  objects, 
plain  or  undercut.  He  deposits  his  reproductions 
on  both  interior  and  exterior  surfaces,  works  with 
every  possible  shape  of  anode,  and  every  useful 
combination  of  negative  leading  wires. 

The  first  consideration  js  the  mould.  Any  one 
of  three  processes  may  be  selected  for  the  purpose, 
according  to  the  object  or  the  material,  ist,  the 
object  may  be  moulded  from  in  elastic  composition. 
Instructions  for  making  which  are  given  at  p.  1 46  ; 
2nd,  the  object  may  be  moulded  from  in  two  or 
more  parts  at  a  time,  by  the  usual  methods  of 
casting ;  and  3rd,  the  object  may  be  moulded  from 
all  at  once,  and  afterwards  broken  out  of  the 
matrix.  This  latter  method  is  known  as  waste 
casting. 

To  copy  a  rounded  object,  such  as  a  bust,  in 
elastic  composition,  it  must  first  be  made  heavy,  to 
allow  of   its   sinking    in    the    composition  when 
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poured  ;  this  is  usually  done  by  filling  it  with  sand, 
and  pasting  a  paper  cover  over  the  aperture.  The 
bust  is  then  placed  in  position  in  a  taperiftg  vessel, 
such  as  a  common  water-pail,  and  the  position  of 
the  back  marked  upon  the  vessel  in  chalk.  The 
composition  being  ready,  it  is  poured  steadily  into 
the  vessel  until  it  lully  covers  the  bust,  and  it  is 
allowed  to  set  for  twenty  hours  or  more.  The 
whole  is  then  carefully  shaken  out  of  the  taper 
vessel,  and  a  slit  made  through  the  composition 
with  a  sharp  knife,  down  the  back,  from  the  top  of 
the  head.  By  careful  handling  the  composition 
mould  may  now  be  opened,  and  an  assistant  may 
•withdrazv  the  bust  from  its  interior.  The  elastic 
mould,  when  released,  should  close  up  to  exactly 
the  original  shape.  The  interior  of  this  mould 
may  be  deposited  upon,  but  the  process  is  trouble- 
some, and  not  to  be  recommended.  It  is  always 
best  to  form  another  bust,  of  the  composition  de- 
scribed at  p.  147,  within  the  elastic  one.  This  is 
done  by  supporting  the  elastic  mould,  and  pouring 
the  composition  into  it  at  the  open  end.  The  com- 
position should  be  as  cool  as  possible  consistent 
with  free  pouring,  so  that  it  may  not  injure  the 
elastic  mould  and  deface  the  resulting  duplicate. 

The  duplicate  thus  secured  is  in  turn  supported 
in  the  taper  vessel,  and  a  mould  made  by  pouring 
in  plaster  of  Paris  composition  as  a  thin  paste. 
When  this  is  set  the  whole  is  removed,  and  the 
duplicate  melted  out  by  heat.  If  the  pair  are  placed 
together  in  a  suitable  vessel  in  an  oven,  an  hour  or 
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two  will  cause  the  interior  figure  to  melt  out  and 
fall  clear  of  the  plaster  mould.  The  latter  may  be 
rendered  conductive  within  as  follows  : — Wash  out 
twice,  allowing  the  surface  to  dry  each  time,  with 
a  solution  of  phosphorus  i  part,  bisulphide  of 
carbon  15  parts.  Afterwards  wash  out  carefully 
with  a  solution  of  nitrate  of  silver,  one  dwt. 
to  the  pint  of  water.  The  conduction  is  further 
improved  by  washing  out  also  with  chloride 
of  gold  solution.  The  negative  conducting  wire 
must  be  attached  to  a  rim  surrounding  the  open 
aperture  of  the  bust,  and  two  or  three  wires  should 
lead  from  this  to  the  most  remote  parts  of  the 
mould,  otherwise  the  electrotype  will  be  weak  at 
these  parts.  The  anode  should  also  be  hung 
down  in  the  mould  beyond  the  mouth  of  the  aper- 
ture, according  to  the  depth  of  the  mould.  It  is 
always  advantageous  to  make  an  aperture  in 
the  head  of  the  mould,  at  the  back,  to  allow  the 
solution  to  pass  out  there  if  set  in  circulation  at 
the  top.  It  is  assumed,  in  this  case,  that  the 
mould  is  placed  in  the  solution  in  a  vertical  posi- 
tion, and  the  anode  suspended  within  it. 

But  the  quickest  and  surest  way  by  which  these 
objects  can  be  copied  is  to  secure,  from  the  com- 
position duplicate,  or  from  the  object  itself  if  it  can 
be  oiled,  a  pair  of  halves  as  follows  : — Bed  the  ob- 
ject to  half  its  depth  in  fine  sand,  level  the  sur- 
rounding surface,  and  fasten  a  pair  of  guiding  pegs 
in  the  sand.  Surround  with  an  edging,  and  pour 
on  thin  plaster-paste  to  the  required  depth ;  or,  if 
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required  very  accurate,  rapidly  brush  over  all  the 
crevices  with  the  paste  before  pouring.  When  set, 
remove  from  the  sand  and  reverse,  treating  the 
opposite  side  in  exactly  the  same  way ;  a  little  oil 
may  be  spread  over  the  surface  where  the  two 
halves  meet.  When  separated  from  the  original, 
the  halves  can  be  dried  and  rendered  impervious 
by  allowing  them  to  stand  in  a  shallow  dish  of 
melted  stearine.  And,  finally,  they  can  be  pro- 
perly blackleaded  in  the  ordinary  way  to  render 
them  conductive  within.  The  negative  pole  con- 
nection should  be  arranged  in  the  shape  of  a  rim 
of  thin  copper  sheet,  or  a  wire  previously  bedded 
in  the  plaster ;  in  all  cases  the  blacklead  facing 
must  be  carried  over  the  rim  thus  placed. 

The  electrotype  obtained  by  these  means  will  be 
in  two  halves,  which,  when  trimmed,  should  be 
soldered  together,  and  the  joining-line  bronzed 
over. 

All  kinds  of  round  objects,  not  much  undercut, 
can  be  moulded  and  electrotyped  by  the  above 
method.  In  the  case  of  deep  undercut  surfaces, 
elastic  composition  must  be  used. 

In  the  moulding  of  large  objects,  it  is  usual  to 
adopt  the  third  method  previously  referred  to,  and 
to  destroy  the  original,  which  at  the  commence- 
ment is  treated  as  follows : — When  the  model  is  of 
plaster,  its  surface  is  first  saturated  with  linseed 
oil,  allowed  to  dry,  and  coated  carefully  with  a 
highly  polished  film  of  blacklead,  as  usual.  It  is 
then  arranged  in  the  depositing  vessel,  and  coated 
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all  over  its  surface  with  a  good  substantial  shell  of 
copper.  When  removed  from  the  vat,  the  shell  is 
cut  through  at  convenient  lines,  or  in  two  complete 
halves,  and  the  interior  plaster-figure  is  sawn 
through.  When  separated,  the  sections  are  freed 
from  the  plaster  by  removing  it  piece  by  piece. 
When  completely  freed  from  all  traces  of  the 
model,  the  sections  of  copper  are  "stopped  off" 
(after  affixing  guidance  wires)  with  varnish,  the 
interior  treated  with  prepared  turpentine,  re-im- 
mersed in  the  solution,  and  deposited  upon  to  the 
required  thickness.  The  outer  copper  shell  is  now 
removed,  and  the  deposit  proper  is  complete  and 
ready  to  be  soldered  together  to  form  the  full 
figure.  Tnis  process  is  expensive,  but  it  is  accurate 
and  sure.  Many  of  the  la,rgest  statues  turned  out 
by  Messrs.  Elkington  are-tnade  by  this  process. 

In  most  cases  it  proves  cheapest  to  obtain 
models  and  section  moulds  of  an  object  from  a 
regular  caster.  Wax  composition  of  the  various 
kinds  described  in  the  preceding  chapter  may 
frequently  be  used  in  obtaining  sectional  moulds. 

Moulding  is  not  electrotyper's  work;  it  should 
always  be  left  to  hands  practised  in  that  distinct 
art.  The  electrotyper  proper  is  only  responsible 
for  the  depositing  process,  or  at  most  for  the  con- 
duction surfacing,  and  the  production  of  the  re- 
quired shell.  In  most  cases,  therefore,  the  mould- 
ing process,  when  difficult  or  complex,  should  be 
left  to  a  special  workman.  Hence,  the  art  of 
moulding  should  never  be  carelessly  mixed   up 
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with  that  of  electro-typing,  or  considered  except 
in  the  light  of  a  preparatory  operation. 

Leading-imre  Systems. — 
In  all  cases  where  the  sur- 
face is  of  any  considerable 
extent,  and  especially  if  it 
be  much  undercut,  great 
care  should  be  devoted  to 
the  arrangement  of  a  good 
leading  system,  otherwise 
the  deposit  is  apt  to  be 
strong  at  one  part  and 
weak  at  another.  Wires 
should  be  led  from  the 
main  hook  to  those  parts 
of  the  mould  farthest  from 
the  anode  (Fig.  23).  In 
some  cases  the  ends  of 
those  wires  may  be  fixed 
in  the  mould;  in  others 
they  must  only  touch  it. 
The  deposit  is  always 
strongest  upon  those  points 
nearest  to  the  anode,  and 
in  best  connection  with 
the  cathode  hooks ;  there- 
fore a  combination  of  both 
should  be  employed  to  lead 
the  deposit  first  to  the  more  remote  corners  and 
recesses  of  the  mould  (Fig.  24).  Air  bubbles  must 
be  expelled,  if  they  form,  by  disturbing  the  solu- 


Fig.  23.— Example  of  a  Bust  Mould", 
exhibiting  Leading  Wires. 
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tion,  or  gently  rubbing  over  the  surface  with  a 
camel-hair  brush.     Frames  of  conducting  material 
should  be  arranged  to  surround  the  mould,  and 
effect  an  equal  distribution  of  the  negative  pole. 
Hints. — Care    must    be  taken  not  to  stop    all 


Fig.  24. — Example  of  an  Art  Mould,  showing  Leading  Wires. 

chance  of  deposit,  by  allowing  the  anode  by  acci- 
dent to  touch  any  part  of  the  mould  or  negative 
system.  The  same  care  must  be  devoted  to  avoid 
bad  contacts  and  points  weak  in  conducting  power. 
Almost  all  surfaces  can  be  rendered  conductive, 
without  blackleading,  by  means  of  the  phosphorus 
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and  silver  nitrate  solution  previously  mentioned. 
The  blacklead  employed  (p.  149)  should  be  of  the 
finest  quality  only,  and  care  must  generally  be 
taken  to  secure  a  high  polish.  Some  surfaces  can 
be  blackleaded  dry,  others  should  be  breathed  upon 
or  held  over  the  vapour  of  spirits  of  wine.  In  the 
case  of  silver  conductive  films,  the  depositing  should 
always  at  first  be  rapid. 

Bronze  powders  of  different  kinds  have  fre- 
quently been  recommended  as  suitable  to  the  pro- 
duction of  conducting  surfaces.  The  finest  gold 
bronze  may  thus  be  employed,  mixed  with  the 
plumbago.  Mr.  Gore  recommends  white  bronze 
powder  of  the  best  quality.  All  these  metallic 
powders  may  be  used  with  the  most  satisfactory 
results  in  art  electro-typing,  where  the  finer  lines 
are  of  little  consequence ;  but  they  must  not  be  em- 
ployed in  electro-typing  fine  engravings,  although 
often  of  use  in  copying  set-up  type.  The  plum- 
bago itself  may  be  gilt,  which  greatly  improves  its 
conducting  power: — Dissolve  i  part  gold  chloride 
in  100  parts  of  sulphuric  ether  in  an  open  vessel ; 
add  50  parts  of  finest  plumbago,  mix  perfectly,  and 
expose  the  compound  to  the  sunlight,  frequently 
stirring  it  until  dry.  It  is  applied  in  the  usual 
way.  In  taking  moulds  of  rough  and  large  objects 
by  pressure,  a  thin  coating  of  fine  white  bronze 
powder  may  be  dusted  over  the  substance  to  form 
the  mould ;  the  blackleading  may  afterwards  be 
carried  out  with  much  greater  ease. 

Printing  surfaces,  especially  of  type,  should  not 
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be  electrotyped  upon  moulds  rendered  conductive 
by  the  phosphorus  and  silver  method,  because 
the  deposit  is  always  brittle  at  the  surface,  and 
set-up  type  shells  are  generally  very  thin,  espe- 
cially at  the  heads  of  letters  and  lines. 

Failures. — ^These  make  their  appearance  in  and 
after  the  depositing  process ;  but  they  are  usually 
due  to  some  part  of  the  preparatory  work  being 
neglected.  Failures  are  very  rare  when  the  mould 
has  been  properly  made,  and  its  surface  carefully 
blackleaded,  or  otherwise  rendered  conductive. 
Holes  through  the  shells  are  due  either  to  non- 
conducting spots  or  to  unequal  distribution  of  the 
negative  pole ;  small  pin-holes  are  usually  caused 
by  gas,  due  to  too  strong  a  current,  or  to  air 
bubbles,  which  may  be  swept  off.  A  total  failure 
of  deposit  can  always  be  traced  to  a  failure  of  the 
current,  either  through  the  battery  or  at  the  con- 
tact points.  Partial  failure  of  deposit  is  usually 
due  to  careless  facing  with  the  conductive  sub- 
stance, or  to  a  very  partial  distribution  of  the 
cathode  pole.  These  defects  should  be  arranged 
for  and  foreseen  in  the  preparatory  process.  Dirty 
deposits  are  usually  due  to  dirt  from  the  anodes. 
Electrotyped  copper  is  generally  clean,  and  should 
be  used  when  this  troublesome  fault  appears ;  the 
defects  may  also  be  due  to  faults  in  the  surfacing. 
The  succeeding  chapter  is  devoted  to  a  description 
of  the  depositing  process,  which  should  be  partly 
understood  before  even  facing  a  mould  is  at- 
tempted. 


CHAPTER  VIII. 

The  Depositing  Process. 

In  the  preceding  chapter  and  the  present  one  the 
two  most  important  operations  in  the  electrotyper's 
art  are  dealt  with.  The  depositing  process,  which 
is  now  to  be  described,  is  the  most  interesting  in 
the  whole  art,  because  by  its  aid  we  obtain  the 
actual  electrotype,  and  reap  the  reward  of  all 
the  patience  and  skill  we  may  have  devoted  to 
the  acquisition  of  fundamental  knowledge  and  the 
mastery  of  manipulatory  details. 

The  preparation  of  representative  types  of  the 
various  kinds  of  work  likely  to  pass  into  the  hands 
of  electrotypers  has  been  fully  described ;  which 
means  that  we  have  obtained  moulds  upon  which 
electrotypes  are  to  be  deposited,  prepared  objects 
themselves  for  direct  negative  electro-typing,  and 
carefully  provided  each  with  a  good  conducting 
surface,  and  also  with  the  necessary  leading  wires 
or  single  connections  ;  the  work  is,  in  short,  ready 
to  be  hung  in  the  solution  to  form  the  electro-type. 

In  Chapter  V.  is  described  all  the  apparatus 
employed  in  the  depositing  process,  and  we  must 
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refer  back  to  that  section  if  not  fully  acquainted 
with  the  construction  of  the  depositing  vessel  and 
its  furniture.  The  battery,  or  source  of  power,  is 
spoken  of  at  length  in  Chapter  III.,  and  to  the 
concluding  portion  of  that  section  reference  should 
be  made  in  case  of  doubt  as  to  the  way  in  which 
the  action  or  connections  are  regulated  to  obtain 
more  or  less  current  or  electro-motive  force.  In 
the  present  chapter  will  be  given  many  details 
regarding  the  employment  of  electricity  in  deposit- 
ing, but  they  will  be  found  to  prove  insufficient 
unless  studied  in  conjunction  with  the  portion  of 
Chapter  III.  just  referred  to. 

The  Various  Processes  of  Deposition, — Reference 
to  Chapter  I.  will  afford  information  as  to  the 
various  methods  adopted  in  depositing  copper 
electrotypes,  but,  from  a  fundamental  standpoint, 
they  are  all  the  same,  with  modifications  in  the 
arrangement  of  vessels  and  source  of  electricity. 
It  will  further  be  observed  that  throughout  this 
work  only  one  method  or  process  is  recommended 
for  operations  of  practical  importance.  This  pro- 
cess consists  in  the  employment  of  an  independent 
source  of  electricity  and  a  simple  open  depositing 
vessel  of  a  size  suited  to  the  magnitude  of  the 
operation,  with  leading  wires  and  anode. 

Single-Cell  Method. — This  process  for  producing 
small  electrotypes  has  been  partly  described  at 
p.  25,  but  a  number  of  important  points  in  the 
after-process  remain  to  be  dealt  with  in  this 
place. 


THE  DEPOSITING  PROCESS.  l8l 

The  method  from  first  to  last  is  only  well 
adapted  to  experimental  work  or  to  instruction 
combined  with  amusement ;  but  it  is  extensively 
practised  on  the  Continent  in  the  production  of 
even  large  electrotypes.  It  is,  however,  too  slow, 
and  is  not  applicable  in  cases  where  the  electricity 
required  is  derived  from  other  sources  than  zinc 
and  sulphuric  acid. 

Assuming  the  matrix  or  cathode  to  be  ready  for 
immersion  in  the  solution,  it  should  be  carefully 
noted  whether  the  zinc-wire  (negative  pole)  is  clean 
where  the  work  touches  it,  and  that  its  connection 
with  the  zinc  itself  is  without  doubt  metallic  and 
clean ;  any  fault  at  those  points,  or  at  the  con- 
junction of  the  conducting  face  and  leading  wire 
of  the  matrix,  will  either  greatly  retard  the  pro- 
gress of  the  work  or  entirely  stop  the  current. 

It  will  be  observed  that  this  process  may  at  any 
time  be  conducted  in  a  common  Daniell's  cell  by 
simply  removing  its  copper  cylinder.  The  single- 
cell  process  is  merely  the  working  through  itself 
of  a  Daniell-cell  current,  because  the  matrix  to  be 
deposited  upon  serves  the  purpose  of  the  copper 
cylinder  or  negative  element. 

When  the  mould  is  hung  in  the  solution,  a 
deposit  of  copper  is  at  once  observed  to  form  upon 
the  wire.  This  preliminary  deposition  enables  the 
operator  to  determine  whether  his  current  is  of  the 
required  strength  to  produce  malleable  copper.  If 
the  deposit  should  appear  very  pale,  and  be  slow 
in  forming,  it  may  be  assumed  that  the  current  is 
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too  weak.  This  is  remedied  by  either  placing  the 
mould  nearer  to  the  porous  cell,  or  placing  an 
additional  drop  or  two  of  sulphuric  acid  in  the 
latter.  If  the  deposit  should  appear  of  a  very  dark 
red  or  black,  it  indicates  that  the  current  is  too 
strong ;  this  may  be  remedied  by  placing  the 
mould  farther  away  from  the  cell,  or  by  lifting  the 
zinc  partly  out  of  its  exciting  liquid.  It  is  better 
to  see  the  copper  appear  rather  dark  than  the 
reverse.  When  a  good  colour  is  obtained,  the  de- 
position may  be  allowed  to  proceed  ;  the  tempera- 
ture should  not  be  under  60°  F.  The  effects  of 
temperature  are  very  marked  in  the  depositing 
process,  a  difference  of  a  few  degrees  often  giving 
rise  to  failure.  If  the  temperature  be  higher  than 
60°  F.  the  current  will  prove  more  vigorous,  and 
the  reverse  with  a  lower  temperature.  The  deposit 
will  spread  slowly,  commencing  upon  the  wire, 
over  the  upper  portion  of  the  mould,  usually 
around  the  edges,  and  finally  all  over  the  face. 
When  it  becomes  as  thick  as  brown  paper,  or  good 
writing  paper,  it  may  be  removed  from  its  matrix 
by  gently  heating  it.  The  whole  should  be  plunged 
in  warm  water  in  doing  this ;  but  in  any  case  the 
deposit  should  not  be  overheated  or  dragged  off 
the  mould  forcibly. 

When  the  electrotype  of  a  medal  is  intended  to 
exhibit  one  face  only,  it  should  be  strengthened  by 
a  backing  of  lead  and  tin,  but  pitch  or  shellac 
may  be  employed  for  small  work.  (See  Final 
PreparatioUy  Chapter  X.) 
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Holes  in  the  electrotype  are  generally  caused  by 
defective  facing  with  blacklead,  or  by  removing 
the  deposit  before  it  has  attained  a  sufficient  thick- 
ness. It  will  be  observed  that  the  deposit  is 
thickest  upon  the  prominent  points  of  the  matrix 
and  thinnest  in  the  sunk  parts,  so  that  in  removing 
it  should  first  be  insured  that  a  sufficiently  strong 
shell  has  been  deposited  throughout.  In  deposit- 
ing, the  face  of  the  mould  should  always  be  turned 
to  the  porous  cell,  or  one  face  at  a  time  if  both  be 
conductive.  If  the  mould  or  object  should  be 
round,  it  must  be  slowly  turned  towards  the  cell 
as  the  deposition  proceeds,  because  the  thickest 
deposit  is  always  made  tipon  the  nearest  points  of  the 
cathode.  Hence,  if  we  take  a  copper  plate  and 
bind  it  to  a  V  shape,  slinging  it  in  the  solution  so 
that  the  apex  of  the  V  may  be  nearest  to  the  cell, 
we  shall  obtain  a  deposit  beautifully  graduating  in 
thickness  as  the  sides  recede  from  the  zinc.  The 
deposit  is  thus  thick  at  the  apex  and  thins  ofiF 
upon  the  sides. 

The  time  occupied  in  depositing  a  copy  of  a 
medal  or  a  small  engraved  block  depends  greatly 
upon  the  size  of  the  cell  and  work.  In  a  cell 
capable  of  containing  two  quarts,  about  10  grains 
of  copper  per  hour  may  be  expected,  because  the 
current  may  prove  less  than  a  veber,  which  will 
give  a  deposit  at  the  rate  of  17  or  18  grains. 
Twenty-four  hours  may  be  taken  as  a  general 
average ;  but  when  the  electrotype  is  required  to 
be  quite  rigid,  with  no  after  backing,  it  may  be 
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made  of  any  thickness,  say,  up  to  i^^th  of  an  inch, 
which  may  require  the  action  to  be  continued  for 
a  week.  In  any  case  it  will  be  found  that  for  small 
cells  about  10  grains  will  be  deposited  per  hour, 
and  20  grains  in  large  cells.  In  the  case  of 
continuing  the  action  for  some  time,  the  instruc- 
tions given  at  p.  50  for  the  management  oi 
Daniell  batteries  fully  apply  to  it. 

Nodules  are  small  projections  upon  the  electro- 
type when  a  thick  shell  is  required ;  they  are 
troublesome,  because  they  divert  the  force  in  their 
own  direction  and  increase  in  size  very  rapidly. 
It  is  usually  best  to  remove  the  electrotype  and  file 
them  off,  cleaning  the  surface  again  by  a  dip  in 
nitric  acid  ;  after  which  the  deposition  may  pro- 
ceed. Sometimes  these  troublesome  projections 
may  be  nipped  off  with  a  cutting  pliers. 

When  the  electrotype  is  first  detached  from  its 
mould  it  presents  an  extremely  rich  and  beautiful 
appearance,  which  is  speedily  destroyed  by  ex- 
posure to  the  air.  Should  it  be  desired  to  retain 
it  as  much  as  possible,  the  surface  may  be  warmed 
(heating  above  a  certain  point  will  destroy  the 
colour),  and  pale  lacquer  applied  with  a  camel-hair 
brush.  Only  a  very  thin  coating  should  be  brushed 
on.  Or  it  is  common  to  colour  the  surface  by 
bronzing  and  other  methods. 

Brown  Finish. — ^This  is  easily  obtained  by  moist- 
ening the  face  of  the  electrotype  with  water  to 
which  a  little  nitric  acid  has  been  added,  allow- 
ing it  to  dry,  and  then  gradually  heating  it  until 
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the  required  shade  is  obtained.  Many  beautiful 
effects  may  be  obtained  by  producing  a  dark 
brown,  and  then  brightening  some  of  the  pro- 
.'/linences  by  rubbing  with  a  cloth  or  leather 
dipped  in  aqueous  ammonia.  The  dark  coating  is 
oxide  of  copper.  A  more  permanent  effect  may  be 
produced  by  rubbing  the  electrotype  face  all  over 
with  rouge  and  finally  covering  with  rouge  and 
heating  to  near  redness. 

Black  Finish  may  be  obtained  by  dipping  re- 
peatedly in  a  weak  solution  of  platinum  chloride, 
or  by  polishing  up  with  plumbago,  or  by  holding 
over  the  smoke  of  burning  straw.  Other  methods, 
especially  applicable  to  busts  and  the  larger 
electrotypes,  will  be  found  described  in  Chap.  X. 

The  Standard  Process. — ^It  is  assumed  that 
the  reader  is  already  acquainted  with  the  source  of 
electricity  to  be  used,  as  described  in  Chapter  III. ; 
with  the  solution  from  which  the  electrotype  is  to 
be  deposited,  as  spoken  of  in  Chapter  IV. ;  with 
the  depositing  vessel  described  in  Chapter  V. ;  and 
with  the  preparatory  methods  recommended  in 
Chapter  VII. 

Flat  Work. — ^The  method  by  which  flat  electro- 
types may  be  deposited  is  not  in  some  particulars 
adapted  to  hollow  or  round  work.  Flat  work  is 
the  most  easily  managed.  It  includes  all  kinds  of 
wood  engravings,  flat  works  of  art,  and  formes  of 
set-up  type,  with  and  without  woodcuts. 

The  most  essential  particulars  relating  to  lead- 
ing and  connecting  wires  are  given  in  Chapter  VILj 
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and  in  the  case  of  woodcuts  and  formes  of  type, 
where  moulding  boxes  are  employed,  no  difficulty 
will  ever  be  met  with,  because  the  connection  with 
the  blackleaded  face  is  good  throughout.  But 
when  metallic  moulding  boxes  are  not  employed, 
and  the  mould  is  taken  on  a  body  of  gutta-percha 
or  other  substance,  the  case  is  different,  as  the 
conduction,  if  simply  arranged  to  begin  at  one 
point,  will  cause  the  deposit  to  be  heaviest  at  th^t^ 
point,  and  will  retard  the  spreading  of  the  de- 
posit. It  should  be  observed  that  all  the  leading 
connections  are  well  distributed  about  the  matrix, 
and  that  the  battery  connections  are  cleanly  made 
with  both  anode  and  cathode  rods.  It  is  very  im- 
portant also  to  observe  the  preliminary  moistening 
mentioned  at  p.  167. 

To  commence  operations,  the  mould  being  ready 
and  the  solution  in  its  vessel,  the  battery  should 
be  set  in  action.  One  cell  of  a  Smee,  bichromate, 
or  Daniell  battery,  if  large,  will  suffice  for  the 
i7iain  deposit ;  but  to  drive  the  copper  over  the 
blackleaded  face  at  first  requires  in  some  cases 
two  cells,  or  a  higher  electro-motive  force.  In  any 
case,  two  cells  joined  together  for  electro-motive 
force  will  hasten  the  first  coating ;  even  three  ceHs 
may  be  used  if  the  work  be  over  a  foot  square.  In 
like  manner  the  thermo-electric  or  dynamo-electric 
currents  should  be  regulated  to  give  much  force  at 
first. 

Lead  a  conductor  from  the  positive  pole  of  the 
electric  source  to  the  anode  rod  of  the  depositing 
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vessel,  and  another  from  the  negative  pole  to 
the  cathode  rod  (it  will  be  remembered  that  the 
cathode  in  our  case  is  the  surface  receiving  the 
electrotype).  Select  a  plate  of  clean  copper  for 
the  anode,  with  a  surface  equal  to  the  cathode, 
and  hang  it  in  the  solution  from  the  anode  rod. 
Hang,  also,  the  cathode  from  its  rod.  The 
distance  between  the  two  cannot  be  stated  without 
also  knowing  the  strength  of  current  and  other 
particulars.  They  may  at  first  be  placed  six 
inches  apart,  if  large.  The  copper  will  first  appear 
at  the  edges  of  the  conducting  frame,  or  upon  the 
wire.  Its  colour  and  appearance  will  show  whether 
the  cathode  is  too  near  to  the  anode.  If  the 
deposit  should  exhibit  a  rather  dark  colour  it  may 
be  left  alone,  as  greater  surface  will  remedy  that 
and  give  it  a  lighter  appearance ;  but  if  it  be  in 
the  shape  of  black  grains  the  plates  must  be 
separated.  When  the  deposit  begins  to  form 
upon  the  mould  itself,  its  progress  will  be  but 
slow  until  it  has  quite  covered  the  surface. 

Hard  Brass-faced  Electrotypes. — When  copper  is 
deposited  slowly  upon  a  mould  from  a  printing 
surface,  it  tends  to  be  harder  than  when  deposited 
quickly.  But  it  does  not  usually  answer  the  pur- 
pose to  deposit  slowly :  too  much  time  is  consumed, 
and  the  metal  is  apt  to  be  too  brittle. 

The  author,  in  the  course  of  some  experiments, 
fell  upon  a  method  by  means  of  which  the  electro- 
type can  be  faced  from  the  commencement  with  a 
very  hard  alloy  of  copper  and  zinc.    This  facing 


1 88  ELECTRO-TYPING. 

presents  all  the  advantages  of  a  copper  face,  lasts 
twice  as  long,  costs  little  extra,  and,  moreover, 
takes  the  coloured  inks  readily  without  apparent 
deterioration. 

The  solution  employed  is  simply  a  copper  one, 
in  a  separate  vessel,  which  has  been  worked  with 
a  rolled  brass  anode  until  an  alloy  deposit  could 
be  secured  upon  a  blackleaded  mould.  The 
quickest  way  is  to  make  up  a  brassing  solution,  as 
directed  at  p.  115,  and  to  work  this  with  a  pale 
brass  anode.  "What  is  required  is  a  preliminary 
deposit  of  hard  alloy  upon  the  mould.  The  battery 
power  should  in  all  cases  be  greater  than  that 
used  for  copper  alone.  With  moderate  battery 
power  the  facing  deposit  will  require  more  time 
than  usual. 

The  prepared  mould  is  placed  in  the  facing 
solution  and  a  thin  deposit  thrown  all  over  its 
face.  It  is  then  transferred  quickly  to  the  ordi- 
nary copper  solution,  and  finished  as  usual.  More 
than  ordinary  care  should  be  taken  to  prevent  gas 
from  settling  in  the  hollows  of  the  mould  in  the 
facing  solution.  The  battery  power  should  be 
equal  to  two  or  three  Bunsen  cells.  A  pale 
deposit  secured  slowly  with  moderate  battery 
power  is  harder  than  the  same  deposit  precipitated 
quickly  with  great  battery  power ;  therefore 
the  facing  deposit  should  be  arranged  to  form 
slowly.  If  too  pale  the  deposit  will  be  soft, 
and  if  too  red  it  will  be  soft.  A  medium  can 
be  struck  between  the  two,  when  the  maximum 
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of  hardness  and  the  minimum  proportion  of 
zinc  may  be  precipitated.  In  Chapter  IX.  this 
method  is  mentioned  in  connection  with  brass- 
facing,  and  some  further  remarks  made  upon  its 
working.  It  is  applicable  to  copies  from  steel 
plates  and  wood  blocks,  and  may  be  used  with 
advantage  upon  moulds  taken  from  type.  Brass, 
of  whatever  quality,  is  always  much  more  difficult 
to  deposit  than  copper ;  and  to  those  unacquainted 
with  its  nature  some  preliminary  difficulties  are 
presented  in  the  working  of  this  process. 

Precautions  against  Gas  Bubbles. — A  wide  camel- 
hair  brush  should  be  passed  over  the  face  of  the 
mould  two  or  three  times  while  the  deposit  is 
formings  care  being  taken  to  reach  the  hollows, 
because  gas  is  liable  to  accumulate  in  them  and 
cause  holes  to  appear  in  the  electrotype. 

Temperature  is  of  great  importance  in  electro- 
deposition  ;  a  fall  of  a  few  degrees  will  necessitate 
the  employment  of  greater  battery  power ;  60°  F. 
is  the  best  working  temperature. 

As  soon  as  the  copper  has  completely  covered 
the  surface  of  the  mould,  one  of  the  cells,  if  two  be 
used,  may  be  disconnected  and  the  work  allowed 
to  proceed  with  one  cell,  or  both  coupled  for 
quantity.  In  most  cases  the  plates  may  be  ap- 
proached more  closely  together  as  soon  as  a  com- 
plete deposit  is  secured.  It  should  be  a  rule  to 
work  as  near  to  the  anode  as  possible,  so  far  as 
good  copper  may  be  obtained;  in  fact  there  is 
little  danger  of  bad  metal  being  deposited  after 
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the  mould  is  quite  covered.  The  current  may  be 
augmented  according  to  the  speed  required.  A 
slight  addition  of  caustic  soda  to  the  solution  will 
quicken  the  rate  of  deposition. 

With  the  fullest  current  which  may  be  applied, 
a  good  shell  from  a  flat  surface  may  be  deposited 
in  five  hours.  This  is  very  rapid  work.  From 
eight  to  eighteen  or  twenty  hours  is  the  general 
time,  according  to  the  current  employed  and  the 
skill  of  the  depositor.  A  skilful  electrotyper  can 
work  with  dynamo-electric  current  at  a  very  rapid 
rate.  In  America  electrotypes  of  set-up  type  and 
blocks  are  frequently  deposited  in  less  than  five 
hours ;  indeed,  they  are  often  finished  and  in  the 
printing-press  within  five  hours  of  placing  the 
mould  in  the  depositing  vessel. 

As  a  general  rule  the  electro-motive  force  of  one 
cell  is  made  to  both  start  and  keep  up  the  depo- 
sition, but  time  is  saved  by  employing  two  or  even 
three  cells  at  first.  This  applies  so  far  as  the 
forcing  of  the  deposit  all  over  the  mould  is  con- 
cerned. When  it  forms  a  complete  covering, 
however  thin,  the  tension  should  be  reduced, 
because  it  is  expensive  and  not  necessary.  After- 
wards, until  the  electrotype  is  complete,  the  cells 
may  be  joined  up  for  quantity.  A  lo-gallon 
Daniell  or  Smee  cell  should  deposit  at  the  rate  of 
(at  least)  about  51  grains  per  hour.  This  is  the 
work  of  three  vebers  in  a  low  resistance.  Two 
cells  should  do  double  this  work  when  coupled  for 
quantity. 
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During  the  deposition  frequent  motion  of  the 
cathode  is  advisable,  especially  when  dealing  with 
thick  deposits,  because  vertical  lines,  usually  pre- 
senting an  appearance  of  a  large  note  of  exclama- 
tion (!),  are  found  upon  the  back  of  the  plate. 
When  the  mould  is  frequently  shifted,  or  kept  in 
motion  in  the  solution,  the  metal  is  more  regu- 
larly deposited. 

In  the  case  of  working  with  the  dynamo-electric 
machine  it  is  especially  necessary,  owing  to  the 
rapidity  of  the  process,  to  keep  the  solution  in 
motion.  In  some  cases  this  is  done  by  means  of  a 
screw,  similar  to  a  steamboat  propeller,  which  is 
mounted  upon  a  short  shaft  supported  upon  two 
plummer-blocks  in  the  vat,  at  one  end.  The 
motion  is  given  by  a  band  which  is  driven  from 
the  shaft  that  rotates  the  dynamo-electric  machine. 
In  this  way,  as  the  propeller  and  band  are  at  one 
extremity  of  the  vat  only,  the  operator  is  free  to 
occupy  with  his  work  nearly  the  full  length  of  the 
vat.  The  propeller- shaft  may  be  hung  horizontally 
or  vertically.  In  any  case  the  propeller  should 
be  about  8  inches  above  the  bottom  of  the  vat. 
The  continued  motion  gives  a  regular  rotation  to 
the  solution.  In  some  cases  the  mould  itself  may 
be  moved,  but  it  is  usually  better  to  rotate  the 
solution.  Wire  nets  are  frequently  employed  to 
separate  the  bottom  sediment  and  prevent  it  from 
rising  to  the  surface  of  the  liquid  and  mould. 

Faults  and  Failures  are  always  caused  by  defects 
in  the  solution  or  mould,  or  in  the  battery.   One  of 
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the  most  troublesome  of  faults  is  due  to  want  ol 
care  to  free  the  mould  from  hydrogen  gas  when 
employing  a  strong  current.  These  gas  bubbles 
cause  pin-holes.  The  pin-holes  may  also  be  caused 
by  faulty  blackleading.  These  holes  cannot  be 
discovered  until  the  electrotype  is  removed  from  its 
matrix  and  held  up  to  the  light.  When  working 
with  a  strong  current  it  is  advantageous  to  dissolve 
a  little  chlorate  of  potash  in  hot  water  and  stir  it 
into  the  solution.  This  is  believed  (as  it  contains 
so  much  oxygen)  to  act  as  an  absorber  of  the 
hydrogen;  but  in  any  case  the  camel-hair  brush 
should  be  passed  lightly  over  the  mould  two  or 
three  times  during  the  process  of  covering  the 
mould. 

No  mould  while  receiving  a  deposit  should  be 
removed  from  the  trough  for  any  considerable  time 
or  until  it  becomes  dry.  In  the  case  of  its  being 
necessary  to  remove  the  mould,  it  should  be  kept 
under  water  until  it  can  be  replaced  in  the  solution. 
Nor  should  the  fingers  be  allowed  to  touch  the 
mould  or  deposit,  except  under  water ;  the  slightest 
trace  of  foreign  matter  will  prevent  adherence  at 
that  point. 

Thickness  of  Deposit. — The  usual  thickness  of  shell 
is  about  -j'jnd  of  an  inch.  It  maybe  ascertained  by 
removing  from  the  solution  and  with  a  knife  gently 
raising  a  corner  (the  thinnest  corner)  of  the  deposit. 
When  satisfied  that  the  shell  is  sufficiently  rigid 
and  complete  it  may  be  removed  from  the  solution. 

Separation  of  the  Shell  from  the  Matrix. — When 
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it  is  decided  that  the  deposit  has  attained  a  suffi- 
cient thickness  (minimum  -j'^nd  of  an  inch)  wash  well 
in  cold  water,  and  afterwards  pour  hot  water  on  the 
back  of  the  shell.  This  will  have  the  effect  of 
melting  the  wax  composition  and  releasing  the 
shell,  which  should  now  be  carefully  rinsed  in  both 
hot  and  cold  water  and  held  up  to  examine  for  pin- 
holes. When  only  a  very  few  small  holes  are 
found  they  may  be  marked,  and  the  plate  laid  aside 
to  be  completed,  backed,  and  mounted.  The  deposit 
should  be  rejected  if  holes  appear  upon  the  lines 
of  the  engraving,  or  upon  type,  so  as  to  render 
it  difficult  to  repair  them.  Further  information 
regarding  the  process,  but  generally  applicable,  is 
given  further  on. 

Electrotypes  from  Steel  Engravings.  —  Ihis  is 
known  as  "  fine  work,"  and  the  matrix  is  prepared 
as  directed  at  p.  1 68,  finishing  with  the  conducting 
solution.  The  deposit  of  copper  is  secured  in 
3xactly  the  same  way  as  in  the  foregoing  instances, 
but  the  electrotype  required  is  much  thicker,  and 
frequently  takes  from  one  to  two  weeks  to  deposit. 
The  thickness  varies  with  the  size,  but  a  general 
gauge  is  -^  inch,  or  more  than  double  the  ordinary 
thickness.  A  light  metallic  frame  should  be  used, 
by  means  of  which  the  mould  may  be  hung  in  the 
solution  without  risk  of  warping.  The  first  deposit 
should  be  driven  on  quickly  by  the  aid  of  high 
electro-motive  force.  The  greatest  care  should  be 
taken  to  turn  out  such  electrotypes  as  perfectly  as 
possible,  because  they  are  expected  to  exhibit  all 
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the  excellent  features  of  the  original.  All  such 
electrotypes  of  steel-plates  are  afterwards  '■'■steel- 
faced"  a  process  which  is  described  in  Chapter  IX. 

Finishing  Details. — ^These  will  be  found  applic- 
able to  all  classes  of  work  in  Chapter  X. ;  they 
consist  in  tinning^  backings  squaring^  planing^ 
*■* picking"  &c.,  and  finally  mounting  on  wood  for 
priming. 

Coppering  Iron  Cylinders. — The  old  method  of 
coppering  the  iron  rollers  used  in  calico  and  paper 
printing  was  by  means  of  a  single  cell  and  a 
number  of  porous  pots  arranged  around  the  sur- 
face. The  improved  plan  is  much  more  rapid,  and 
is  incomparably  cheaper.  The  dynamo-electric 
machine  is  usually  employed  to  furnish  the  current 
required.  Large  vats  of  solution  are  used,  and  the 
anode  plates  are  curved  to  correspond  with  the 
curvature  of  the  cylinders.  By  these  means  from 
four  to  six  pounds  of  copper  can  be  deposited  upon 
a  cylinder  in  eight  hours.  The  solution  employed 
in  the  preparatory  process  is  a  cyanide  one,  de- 
scribed at  p.  103.  In  this  solution,  as  described,  the 
cylinder  is  merely  covered  with  copper.  The  main 
deposit  is  secured  in  a  common  sulphate  solution. 
The  vats  should  always  be  horizontal  ones,  and  the 
cylinders  should  be  rotated  slowly. 

Deposition  of  Art  and  other  Works. — This 
section  is  devoted  to  special  treatment  of  art  work, 
or  electrotypes  where  rounded  and  undercut  sur- 
faces are  constantly  met  with,  presenting  greater 
difficulties  than  plain  flat  work,  as  treated  above. 
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One  of  the  most  important  points  to  be  constantly 
observed  in  depositing  work  with  uneven  sur- 
faces is  the  tendency  of  the  deposit  to  become 
thickened  upon  points  and  edges.  Thus,  a  rounded 
surface  presented  to  a  flat  anode  will  not  receive  a 
regular  deposit ;  the  shell  of  copper  will  be  thickest 
at  the  line  nearest  the  anode,  and  will  from  this 
point  graduate  off  to  nothing.  This  is  another 
way  of  simply  saying  that  all  parts  of  the  cathode 
face  must  be  equi-distant  fro7n  the  anode  face. 

The  smaller  the  articles  deposited  upon  the 
more  true  is  this,  because  the  effect  of  the  current 
is  not  sufiiciently  diffused  to  include  all  irregu- 
larities of  the  surface. 

All  rounded  exterior  surfaces  can  be  deposited 
upon  regularly  by  the  use  of  one  or  a  pair  of 
concave  anodes.  The  anode  plates  in  this  case 
should  be  thin,  and  may  be  bent  and  curved  to 
answer  pretty  closely  to  the  outline  of  the  cathode. 
When  both  sides  ol  an  object  are  to  be  deposited 
upon  at  once,  it  is  better  to  employ  two  curved 
anode  plates,  so  arranged  as  to  allow  free  cir- 
culation of  the  liquid  by  agitation  or  otherwise. 
In  some  cases  the  nature  of  the  exterior  surface 
may  necessitate  the  employment  of  several  anode 
plates,  all  connected,  of  course,  to  the  positive  pole 
of  the  battery.  The  main  object  is  to  effect  an 
e(|ual  distribution  of  anode  surface  over  the  object. 
A  flat  object  to  be  coated  upon  bath  sides  at  once 
may  be  hung  between  two  anode  plates,  or  between 
the  two  sides  of  one  plate  bent  to  a  y  shape. 
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Outside  Under  cuttings. — When  a  surface  is  very 
irregular,  and  especially  when  it  is  undercut  to 
any  considerable  extent,  it  presents  points  diffi- 
cult to  commence  a  deposit  upon.  In  many  in- 
stances these  undercuttings  are  so  deep  as  to 
prevent  the  effect  of  the  anode  from  reaching 
them.  In  most  cases,  also,  these  are  met  with 
upon  blackleaded  work,  which  augments  the 
difficulty.  But  by  a  little  skill  the  deposit  may 
be  commenced  at  those  very  difficult  points 
by  at  first  keeping  out  the  regular  anode,  and 
employing  one  composed  of  a  twist  or  two  of 
copper  wire,  or  a  small  plate  sufficiently  large  to 
enter  the  deepest  cavities  of  the  cathode.  When 
only  a  few  of  these  cavities  appear,  the  miniature 
anode  may  be  mounted  upon  the  end  of  a  stifif 
wire,  so  that  it  may  be  bent  to  the  position  re- 
quired to  lead  the  deposit  just  where  the  operator 
requires  tt  to  fall.  In  some  cases  the  current  will 
be  found  too  strong,  and  apt  to  give  a  black  de- 
posit if  the  regular  anode  is  removed ;  but  in  any 
case  the  larger  anode  should  be  kept  back  until 
the  hollows  have  been  deposited  in.  By  select- 
ing a  stiff,  stout  copper  wire,  and  making  as  many 
loops  upon  it  as  will  answer  to  the  chief  hollows, 
it  may  be  so  bent  and  arranged  in  a  few  minutes 
as  to  lead  the  deposit  regularly  into  the  hollows. 
These  supplementary  anodes  must  in  all  cases  be 
connected  with  the  positive  pole  of  the  battery. 

Or  another  plan  may  be  adopted  from  the  be- 
ginning; but  it  is  not  generally  applicable  or  neces- 
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sary  except  when  the  undercutting  is  beyond  the 
reach  of  the  blacklead  brush.  Each  hollow  may  be 
made  to  conduct  better  than  the  general  surface 
by  means  of  precipitated  nitrate  of  silver  (p.  169), 
or  other  solution  used  with  elastic  moulds.  Under- 
cut surfaces  are,  however,  frequently  deposited 
upon  without  any  of  the  devices  here  mentioned. 
It  is  well  known  that  a  high  electro-motive  force 
tends  to  spread  a  deposit  over  a  refractory  surface. 
In  this  way  it  is  by  no  means  impossible  to  drive 
a  deposit  over  clean  gutta-percha.  Hence,  by  add- 
ing to  the  electro-motive  force  of  the  battery,  and 
employing  only  a  small  anode,  most  of  the  ordinary 
depressions  on  a  mould  may  be  readied  very 
shortly  after  the  general  surface  has  been  coated. 
It  is,  however,  of  the  greatest  importance  to  secure 
strong  metal  upon  hollows,  because  these  require 
the  most  strength,  being  the  prominent  portions  of 
the  electrotype. 

The  solution  in  the  hollows,  if  allowed  to  rest, 
is  very  apt  to  become  weak.  The  same  may  take 
place  when  anodes  are  employed  to  surround  a 
cathode :  in  all  such  cases  the  solution  must  be 
made  to  circulate,  by  gently  stirring  or  by  shifting 
the  anodes  and  cathode  frequently.  In  some 
cases  also  copper  anodes,  unless  of  electrotyped 
copper,  are  so  impure  that  the  dirt  set  free  effects 
much  mischief.  Platinum  foil  and  wire  are  ex- 
tensively employed  as  anodes,  where  common 
copper  would  be  inadmissible.  Instances  of  these 
applications  are  given  further  on  in  this  chapter. 
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Interior  Work. — Deposits  upon  the  interior  sur- 
faces of  moulds  present  those  difficulties  which 
most  try  the  skill  and  forethought  of  the  electro- 
typer.  They  must  be  iormed,  as  has  been  shown 
in  the  section  devoted  to  Preparation^  upon  all 
kinds  of  surfaces,  and  upon  all  the  usual  moulding 
materials.  The  most  important  outlook  is  to 
secure  a  really  good  conducting  surface,  as  strong 
in  the  hollows  as  upon  the  heights.  The  nega- 
tive conducting  system  must  be  as  perfect  as  pos- 
sible, and  should  especially  include  branches  to 
all  the  hollow  parts,  as  recommended  at  p.  175. 
These  systems  should,  as  much  as  possible,  be  so 
arranged  as  to  allow  of  an  anode  being  hung  in  the 
mould.  The  shape  of  this  anode,  in  the  case  of  a 
bust,  should  to  a  certain  degree  correspond  with  the 
interior  outline  of  the  mould. 

Anodes  of  platinum  wire  are  frequently  employed 
in  this  way,  made  up  as  a  kind  of  frame  to  the 
general  interior  outline,  but  small  enough  to  avoid 
risk  of  touching  within  the  mould.  These  anodes 
are  afterwards,  if  the  deposit  be  of  the  shape  to 
necessitate  it,  pulled  out  through  a  hole  in  the 
head  of  the  bust,  or  from  underneath.  In  most 
cases  of  bust  work,  however,  including  many 
natural  objects,  there  is  an  opening  at  the  base  of 
the  mould  large  enough  to  allow  of  the  use  of  a 
cylinder  of  sheet  copper  as  an  anode.  A  constant 
stream  of  the  solution  should  be  caused  to  flow 
through  all  interior  moulds  where  copper  anodes 
are  employed ;    this   is  necessary,  because  these 


THE  DEPOSITING    PROCESS.  1 99 

anodes  are  constantly  giving  off  dirt,  which  is  apt 
to  fall  into  hollow  places  and  so  prevent  the  for- 
mation of  a  strong  deposit  there.  A  stream  of  the 
solution  issuing"  from  the  lower  part  of  the  mould 
will  carry  all  the  usual  impurities  with  it  to  the 
bottom  of  the  vat. 

Air  bubbles,  which  in  all  classes  of  work  give 
gfreat  trouble  to  electrotypers,  must  be  especially 
guarded  against  in  the  deposition  of  interior  work. 
Gas  must  also  be  avoided  by  regulating  the  cur- 
rent. Dipping  the  mould,  or  wetting  it  within, 
with  spirits  of  wine  has  been  recommended,  but  it 
is  probably  best  to  carefully  carry  out  the  instruc- 
tions given  at  p.  157,  regarding  thoroughly  wetting 
every  portion  of  the  mould  with  water  simply, 
before  placing  it  in  the  solution.  A  camel-hair 
brush  may  also  be  employed  when  the  hand  can 
be  placed  in  the  mould. 

Some  of  the  largest  electrotypes,  as  that  of  the 
Earl  of  Eglinton  (13^  feet  high),  made  by  Messrs. 
Elkington,  are  deposited  by  the  process  mentioned 
at  p.  173.  By  these  means,  although  the  original 
(plaster  bust  or  model)  is  destroyed  in  the  process, 
most  of  the  difficulties  are  removed,  and  a  convex 
anode,  with  a  skilful  distribution  of  leading  wires, 
secures  the  formation  of  a  rigid  shell.  By  these 
means  the  shell  is  deposited  in  parts  and  after- 
wards soldered  together.  The  great  advantage  of 
this  method  lies  in  the  certainty  with  which  the 
deposit  may  be  led  over  the  whole  surface.  Each 
section  should  be  deposited  to  a  given  thickness. 
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or  the  lower  portions  of  a  statue  may  be  made 
thickest  to  give  strength  to  the  whole. 

The  deposition  of  copper  as  applicable  to  every 
kind  of  art  work  may  be  fully  studied  upon  exte- 
rior rounded  surfaces.  As  much  as  possible  the 
primary  conditions  should  resemble  those  applied 
in  common  flat  work  ;  that  is,  the  copper  must  be 
led  to  the  required  points  by  an  intelligently- 
arranged  system  of  anode  surface  and  negative 
leading  wires.  The  anode  and  negative  wires 
should  act  in  conjunction  in  drawing  the  deposit 
into  difficult  hollows.  The  deposit  always  first  falls 
at  the  point  where  resistance  to  the  current  is  weakest. 
Following  this  rule  the  protruding  portions  of  the 
mould  need  no  special  arran).^ements  to  draw  the 
deposit  towards  them. 

In  Chapter  VII.  are  given  numerous  particulars 
in  the  preparation  of  the  work  previous  to  placing 
it  in  the  depositing  vat.  We  are  chiefly  concerned 
here  with  the  actual  deposition  of  the  copper,  which 
is  always  comparatively  easy  to  carry  out  when 
the  work  has  been  carefully  prepared.  The  three 
chief  points  to  observe  are — to  obtain  good  copper, 
to  obtain  it  in  the  hollows  first,  or  as  soon  as  pos- 
sible by  a  combination  of  negative  conductors  and 
anodes,  and  to  prevent  the  deposition  of  dirt  upon 
any  portion  of  the  mould. 

The  Cause  of  Slow  Deposits. — Slow  deposits  are 
always  caused  by  weak  currents ;  but  the  weak- 
ness of  the  current  may  arise  from  a  variety  of 
causes.    As  a  rule,  the  deposit  upon  a  blackleaded 
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surface  is  slow  in  forming,  but  this  is  due  to  the 
great  resistance  offered  by  the  imperfect  conductor. 
As  soon  as  the  surface  is  covered  the  speed  of 
deposition  is  greatly  increased  if  the  current  be  of 
proper  strength.  Then  it  follows  that  if  a  good 
strength  of  current  be  passing  a  corresponding 
amount  of  copper  should  be  secured.  It  will,  of 
course,  be  understood  that  as  long  as  the  actual 
facing  is  being  deposited  the  work  will  be  slow 
unless  the  electro-motive  force  be  increased.  There 
is  no  economy  in  increasing  the  current  during 
this  stage  of  the  process.  When  the  word  current 
is  used  here  it  signifies  the  actual  current,  not  the 
current  which  might  pass  if  the  resistance  and  dis- 
tance apart  were  reduced.  Thus,  the  currents 
yielded  by  a  battery  when  on  short  circuit  and 
when  depositing  copper  are  very  different  in 
strength.  Work  of  any  kind  always  reduces  the 
current,  and  it  is  the  amount  of  electrical  energy 
actually  passing  that  we  have  to  deal  with.  Hence 
the  work  or  depositing  rate  may  be  taken  to  be 
proportionate  to  the  actual  current.  A  rise  of 
temperature  will  increase  the  current  by  decreas- 
ing the  resistance. 

Dirty  Anodes. — It  may  prove  both  interesting 
and  instructive  to  give  some  particulars  of  the 
cause  of  the  films  observed  on  copper  anodes. 
They  are  usually  brown  or  black  in  colour,  and 
appear  on  the  dissolving  surface  in  proportion  to 
the  amount  of  copper  withdrawn.  This  dirt  is  a 
source  of  great  trouble  to  the  operator,  because  it 
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not  only  necessitates  frequent  cleaning  of  the 
anode,  but  falls  to  the  bottom  of  the  vat,  and  when 
disturbed  is  apt  to  get  upon  or  into  the  moulds. 

If  the  plan  recommended  by  the  author — that 
of  using  only  Daniell  cells  and  employing  their 
electrotype  copper  for  anodes — were  once  tried,  it 
would  probably  be  always  used,  because  the  copper 
is  quite  free  from  the  foreign  matters  spoken  of  as 
dirt. 

A  chemist  on  analyzing  the  dirt  found  it  to  con- 
sist of  a  great  number  of  different  substances, 
among  which  the  percentage  of  tin  was  33,  of 
copper  9,  antimony  9,  arsenic  7,  silver  4,  sulphur  2, 
and  nickel  2. 

Cause  of  Nodules. — These  are  little  lumps  of 
copper  which  frequently  appear  on  the  back  of  an 
electrotype  and  retard  the  progress  of  the  real 
deposit.  They  are  caused  chiefly  by  employing  a 
current  too  small  and  an  electro-motive  force  too 
high.  The  formation  of  these  warty  excrescences, 
however,  greatly  assists  in  the  spreading  of  a 
deposit  over  a  refractory  substance ;  they  exert  a 
repulsive  effect  which  undoubtedly  assists  to  a  con- 
siderable extent  the  driving  of  a  deposit  into  hollows 
in  the  mould.  In  such  cases  the  current  must  be 
small.  (See  p.  197.) 

Redissolution  of  the  Deposit. — This  must  be  espe- 
cially guarded  against,  as,  besides  retarding  the 
progress  of  the  work,  it  is  apt  to  render  it  porous 
and  spongy.  It  is  chiefly  caused  by  carelessly 
allowing  the  battery  power  to  become  too  weak, 
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when  the  counter  force  of  the  depositing-cell  (p.  1 8) 
is  allowed  to  come  into  action  to  reverse  the  direc- 
tion of  electrolysis  and  dissolve  the  cathode.  The 
same  may  take  place  when  the  dynamo-electric 
machine  is  employed,  by  allowing  the  work  to 
remain  in  the  bath  while  the  machine  is  idle.  In 
this  case,  if  an  efficient  safety  circuit-break,  such 
as  that  devised  by  the  author  (p.  84),  is  not  fitted 
to  the  circuit,  the  polarity  of  the  machine  is  very 
apt  to  become  reversed,  and  the  current  reversed 
also  on  again  starting  the  machine.  The  result  is, 
of  course,  to  dissolve  the  deposit,  and  probably 
destroy  the  mould.  (See  also  p.  83.) 

Dynamo-electric  Working. — Most  of  the  necessary 
directions  for  the  management  of  dynamo-electric 
machines  have  already  been  given  (p.  82,  Chap.  111.]. 
The  bulk  of  liquid  should  be  large,  and  an  extended 
system  of  anode  and  cathode  rods  should  cross  the 
vat.  The  deposits  are  obtained  with  full  current 
much  more  quickly  than  by  the  battery  current, 
but  no  rapid  deposition  can  be  done  on  very  small 
work ;  this  is  the  reason  why  dynamo-electric  cur- 
rents are  not  economical  unless  employed  in  large 
baths  upon  large  electrotypes.  The  battery  current 
is  better  adapted  in  many  ways  for  work  of  mode- 
rate size,  and  although  it  cannot  be  quicker  in 
action  than  the  machine  current,  it  is  in  small 
operations  much  cheaper  and  more  easily  handled 
by  the  operator. 

Cost  of  the  Process. — Machine  work  is  very  much 
cheaper  than  battery  work,   and   the  copper  on 
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large  electrotypes  deposited  by  machine  is  usually 
of  better  quality.  The  actual  cost  of  the  dynamo- 
electric  current  per  pound  of  copper,  including 
labour,  is  frequently  less  than  threepence,  but 
the  general  cost  with  small  machines  will  be 
higher.  The  battery  current,  reckoning  the  zinc 
salts,  &c.,  to  be  thrown  away,  cannot  be  much 
less,  without  labour,  than  sixpence  per  pound  of 
copper,  because  the  zinc  costs  about  fourpence 
per  pound  and  acid  about  three  halfpence.  As  a 
rule,  the  battery  is  more  expensive  than  this, 
even  in  skilful  hands,  because  two  pounds  of 
zinc  are  frequently  dissolved  in  depositing  one  of 
copper. 

The  process  of  depositing  hard  facings  for  elec- 
trotypes is  described  in  the  succeeding  chapter. 


CHAPTER  IX. 

Hard  Facings  for  Electrotypes. 

ELECTRO-deposits  of  iron  are  exceedingly  hard 
and  strongly  adherent.  When  a  copy  from  an 
engraved  steel  plate  is  thinly  coated  or  faced  with 
iron  by  means  of  electricity  it  is  said  to  be  "  steel- 
faced,"  and  the  term  does  not  appear  to  be  inap- 
propriate when  it  is  stated  that  a  steel-faced  elec- 
trotype can  be  made  to  stand  wear  even  better 
than  the  original  steel  engraving.  Iron  electro- 
deposition  is,  indeed,  almost  confined  to  the  iacing 
of  electro-plates.  When  the  steel  face  wears  off 
the  residue  may  be  dissolved  away  by  means  of 
dilute  sulphuric  acid  without  injury  to  the  real  face, 
and  the  process  repeated  with  all  the  original 
sharpness  an  indefinite  number  of  times.  The  iron 
takes  ink  more  readily  than  most  surfaces,  and 
cannot,  like  copper,  be  injured  by  printing  in  ver- 
milion, the  mercury  of  which  combines  with  copper. 
The  plates  from  which  bank-notes  and  cheques  are 
printed  are  in  most  cases  iron-faced. 

Nickel  may  be  used  for  the  same  purpose,  and 
has  lately  been  tried  by  the  author  with  success. 
It  is  hard,  strongly  adhesive,  and  is  more  easily 
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deposited  than  iron ;  it  possesses,  indeed,  all  the 
good  qualities  of  iron  without  its  tendency  to  rust. 
The  iron  depositing  solution  is  readily  decomposed 
by  absorbing  oxygen  from  the  air,  and  otherwise 
gives  much  trouble.  Nickel  solution,  on  the  other 
hand,  can  be  kept  for  years  without  spontaneous 
decomposition  occurring.  On  account  of  these 
obvious  advantages,  directions  for  working  a  nickel 
solution  are  given  at  p.  114,  and  instructions  for  its 
use  further  on. 

Preparation  of  the  Copper-plate. — At  p.  1 1  o  will  be 
found  directions  for  making  up  an  iron  solution, 
and  for  its  preservation  when  made.  When  a 
cooper  copy  of  a  steel  engraving  has  been  secured, 
as  directed  at  p.  193,  it  is  removed  from  the  solution 
and  well  washed  :  a  level  wooden  block  of  the  same 
size  as  the  plate  is  covered  v;ith  an  adherent  layer 
of  stearine  or  wax,  and  the  warmed  copper-plate 
pressed  face  downwards  upon  it.  When  well 
secured  in  this  way,  and  the  face  is  protected  from 
possible  injury,  the  edges  are  sawn  off  square  with 
the  circular  saw ;  the  back,  covered  as  it  is  with 
variously-shaped  excrescences  of  copper,  must  be 
partly  filed,  and  afterwards,  if  possible,  planed 
level ;  the  plate  must,  in  fact,  be  made  of  a  uniform 
thickness  throughout.  It  is  afterwards  removed 
and  the  edges  bevelled,  so  that  when  finished  the 
plate  shall  be  similar  to  the  original. 

Before  steel-facing,  the  surface  of  the  plate  is 
cleaned  off  carefully  by  means  of  turpentine,  ben- 
zine, and  finally  hot  caustic  potash  solution,  when, 
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after  washing,  it  is  ready  for  the  depositing  process. 
Care  should  be  taken  not  to  touch  the  face  of  the 
plate  with  the  fingers,  as  at  that  point  the  deposit 
of  iron  is  liable  to  be  defective  and  strip  in  the 
printing.  The  plate  may  be  suspended  in  the  solu- 
tion by  means  of  two  hooks  of  copper  wire,  upon 
which  its  lower  edge  may  rest ;  or  a  copper  wire 
may  be  soldered  to  the  back.  The  former  method 
is  generally  considered  the  better. 

A  battery  current  of  one  gallon  Bunsen  cell 
(p.  50)  is  frequently  employed,  but  it  is  too  weak. 
Two  cells  should  be  used,  exposing  in  each  a  sur- 
face of  zinc  at  least  as  large  as  the  plate  to  be 
faced.  It  is  usually  convenient  to  first  immerse  a 
plate  of  copper  to  find  at  what  distance  the  anode 
should  be  placed  from  the  cathode.  The  anode 
should  have  a  surface  about  five  times  larger  than 
the  plate  to  be  coated.  When  immersed  for  a  few 
minutes,  and  a  whitish  coating  is  observed  to 
spread  over  the  surface,  remove,  wash,  and  rub  with 
a  brush ;  remove  again  and  wash  after  a  few 
minutes.  Treat  as  before,  and  when  the  iron  has 
spread  well  into  all  the  lines  it  may  be  considered 
sufficiently  deep.  Wash  the  plate  in  hot  water 
very  carefully  when  finally  removed,  and  if  not 
intended  for  immediate  use,  dry  slowly  and  coat 
the  surface  with  bees'-wax  by  the  aid  of  heat.  The 
deposit  must  not,  of  course,  be  allowed  to  go  so  far 
as  to  affect  to  any  considerable  extent  the  fine 
lines  of  the  engraving,  but  it  must  be  allowed  to 
cover  the  whole  surface  of  the  plate.    When  a 
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strong  current  is  used  the  deposit  is  more  apt  to 
contain  gas,  but  this  can  be  avoided  by  more  fre- 
quent removal  and  brushing.  The  fingers  should 
not  be  allowed  to  touch  the  face  of  the  plate, 
except  under  the  solution. 

A  very  large  anode  must  also  be  used,  otherwise 
the  solution  will  get  weak  and  acid.  In  this  pro- 
cess the  usual  practice  of  providing  an  anode  of  a 
size  equal  to  the  cathode  must  be  departed  from. 
The  iron  composing  the  anode  should  be  as  fine  as 
possible.  Charcoal  iron  is  generally  employed 
with  the  best  results.  Gas  is  very  apt  to  come  off 
in  the  operation,  but  its  presence,  as  the  deposit  is 
so  thin,  may  be  overlooked.  The  plate  may  with 
advantage  be  gently  swung  from  side  to  side 
during  the  process. 

Nickel-Facing. — This  process  is  much  more  easily 
carried  out  than  that  of  iron-facing.  The  nickel 
solution  required  is  described  at  p.  114.  It  should 
be  in  good  order,  neither  distinctly  acid  nor  alka- 
line, but  if  an)rthing  the  alkaline  tendency  should 
predominate.  It  is  not  even  necessary  in  deposit- 
ing small  quantities  of  nickel,  such  as  those 
required  in  facing  plates,  to  employ  a  nickel  anode, 
but  it  is  always  desirable  and  wise  to  do  so.  Occa- 
sionally a  platinum  foil  anode  can  be  made  to 
answer,  but  the  state  of  the  solution  must  there- 
after be  brought  into  working  condition  by  the 
addition  of  the  abstracted  nickel,  and  also  sulphate 
of  ammonia  to  represent  the  alkaline  constituent 
necessary  to  balance  the  acid. 
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A  current  irom  one  Bun  sen  cell  will  usually 
prove  sufficient.  Great  care  should  be  taken  to 
remove  every  trace  of  wax  from  the  plate  to  be 
faced  by  means  of  benzine,  and  afterwards  to  wash 
well  in  hot  caustic  potash  solution ;  it  is  even 
advisable  to  boil  the  plate  in  the  solution  for  fifteen 
minutes,  and  afterwards  to  wash  well  in  water. 
The  fingers  should  on  no  account  be  allowed  to 
touch  the  face  of  the  plate,  otherwise  the  deposit 
may  fail  to  adhere  to  the  parts.  The  anode  should 
have  a  surface  a  little  larger  than  the  plate.  When 
the  latter  is  suspended  in  the  solution,  it  will  prove 
advantageous  to  go  over  its  surface  with  a  long- 
handled  soft  brush,  to  dispel  any  films  of  air  or 
bubbles  of  gas.  When  the  first  trace  of  a  deposit 
appears,  the  brushing  may  be  repeated,  and  in  a 
few  minutes  the  plate  may  be  removed,  washed, 
and  then  replaced.  At  this  stage  the  process  is 
the  same  as  that  given  for  iron-faced  plates.  The 
deposit  will  be  sufficiently  thick  when  it  has 
entirely  covered  the  plate. 

A  strong  current  offers  no  advantages;  it  is 
liable  to  produce  a  porous  deposit,  even  in  the 
extremely  thin  coating  required ;  it  is  apt  also  to 
fill  the  hollows  with  gas  and  prevent  the  deposit 
from  spreading  easily  between  the  lines.  The 
object  to  be  attained  is  a  deposit  accompanied  with 
little  or  no  gas.  Rapid  deposits  are  apt  to  be 
softer  than  slow  deposits  in  the  copper  solution, 
and  this  is  not  less  true  when  applied  to  nickel. 
Deposits  formed  slowly  are  always  more  highly 
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crystalline  than  those  formed  quickly,  and  are 
therefore  harder  and  more  brittle.  There  is  little 
or  no  tendency  to  strip,  even  when  the  plate  has 
been  prepared  carelessly. 

Brass-Facing. — Electro-deposited  brass  may  be 
made  very  hard,  and  thus  forms  a  good  facing 
especially  for  bookbinders'  tools. 

The  process  is  somewhat  difficult,  but  there  is 
the  advantage  of  being  able  at  will  to  obtain  hard 
and  sofc  brass  according  to  the  proportion  of  zinc 
contained  in  the  deposit.  The  solution  required 
has  been  described  at  p.  115. 

The  articles  are  prepared  as  for  iron  or  nickel 
facing.  The  anode  used  should  be  of  a  hard  yellow 
brass.  One  cell  of  the  Bunsen  type  will  deposit 
the  alloy,  but  two  are  generally  used  to  hasten  the 
operation.  If  the  brass  should  be  red  it  will  prove 
soft,  and  contain  too  great  a  percentage  of  copper. 
A  solution  with  this  defect  may  be  corrected  by  the 
use  of  a  zinc  anode  until  the  brass  exhibits  a  rather 
pale  colour.  When  the  zinc  constituent  of  the 
alloy  is  in  excess  it  adds,  up  to  a  certain  point,  to 
the  hardness  of  the  deposit.  The  process  of  depo- 
siting should  not  be  hastened,  because  too  great  a 
proportion  of  copper  is  then  thrown  down,  and  the 
zinc  itself  tends  to  add  to  the  softness.  What  is 
really  required  in  a  brass-facing  is  great  hardness 
and  perfect  adhesion  between  the  real  surface  and 
the  artificial  face. 

The  author  has  successfully  tried  a  method  of 
giving  to  ordinary  electrotypes  a  very  hard  face  by 
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means  of  zinc.  The  first  deposit  thrown  upon  the 
mould,  forming  the  surface  of  the  electrotype,  is 
precipitated  by  the  aid  of  increased  battery  power, 
and  in  a  solution  of  which  zinc  forms  a  part.  This 
deposit  secured,  the  electrotype  is  removed  and 
completed  in  the  ordinary  copper  bath.  The  result 
is  a  facing  much  harder  and  more  durable  than 
copper  itself,  with  the  additional  advantage  that  it 
does  not,  like  pure  copper,  readily  give  way  when 
printing  vermilion. 

A  solution  suitable  for  this  work  may  be  made 
in  a  separate  vessel  by  simply  working  a  copper 
bath  with  a  brass  anode  and  a  current  from  about 
three  Bunsen  cells  in  series,  until  a  good  hard 
deposit  can  be  secured  upon  a  copper  plate  or  a 
blackleaded  surface.  The  ordinary  copper  bath 
should  not  be  employed  for  the  purpose.  Gas  is 
generally  given  off,  especially  at  the  cathode,  the 
surface  of  which  should  be  frequently  cleaned  by 
means  of  a  soft  brush.  When  the  deposit  becomes 
too  pale  employ  a  copper  anode  for  a  time. 
(See  p.  187.) 


CHAPTER  X, 

Final  Preparation  of  the  Work. 

After  an  electrotype  is  removed  from  the  de- 
positing solution,  it  is  "finished;"  that  is,  trimmed, 
backed,  and  mounted,  if  it  belong  to  the  printing 
class,  or  trimmed  and  joined  to  its  corresponding 
section  if  it  belong  to  the  art  electrotype  order. 
The  finishing  of  printing  electrotypes  is  by  far  of 
the  greater  importance,  and  requires  the  exercise 
of  the  best  skill ;  it  generally  is,  and  always  should 
be,  a  distinct  operation,  performed  by  special 
workmen  trained  to  it.  In  most  cases  the  finishing 
and  correcting  of  printing  electrotypes  demands 
the  attention  of  more  than  one  special  workman, 
as  will  be  judged  from  the  condensed  description 
of  the  whole  process  given  herewith. 

Finishing  of  Printing  Surfaces. — When  the  elec- 
trotype is  judged  to  be  thick  and  rigid  enough 
(^Vj-nd  of  an  inch  for  backed  work),  the  mould  is 
removed  and  well  washed.  It  is  laid  electrotype 
upwards  and  hot  water  poured  upon  the  latter; 
this  has  the  effect  of  softening  the  wax  and  freeing 
the  shell.     When  any  fragments  of  the  shell  hang 
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over  the  edges  of  the  mould  they  should  be  clipped 
off  previous  to  heating.  A  minute  examination 
should  be  made  at  this  stage  of  the  face  of  the 
shell  in  order  to  find  any  defects  that  may  exist, 
especially  pinholes. 

Tinning. — The  backing  process  is  preceded  by 
that  of  tinning,  in  which  floating  or  tinning-pans 
and  the  backing  metal  bath  mentioned  at  p.  137 
are  employed.  The  tinning-tray  is  first  floated 
upon  the  molten  metal  until  quite  hot ;  the  electro- 
type is  laid  upon  it,  face  downwards,  and  a  quan- 
tity of  hydrochloric  acid,  in  which  zinc  has  been 
dissolved  to  saturation,  thoroughly  brushed  over 
its  back.  This  solution  of  zinc  is  usually  called 
tinning  or  soldering  fluid,  and  should  be  kept  in  a 
bottle  for  use.  The  tinning  metal  is  usually  a 
mixture  of  lead  and  tin,  prepared  by  melting 
together  equal  parts  of  tin  and  lead,  and  either 
running  it  into  thin  sheets,  to  be  cut  into  strips 
for  use,  or  pouring  it  into  water  to  obtain  grain 
solder.  A  quantity  of  this  solder  is  sprinkled  over 
the  back  of  the  shell,  and  caused  to  spread,  when 
melted,  by  the  aid  of  a  stick  of  solder  or  a  stiff 
brush  wetted  with  the  soldering  fluid.  The  tin 
must  in  all  cases  spread  all  over  the  electrotype 
back,  and  must  also  be  caused  to  "  take "  to  the 
surface,  as  mercury  is  observed  to  amalgamate 
with  zinc. 

Precautions. — In  the  case  of  there  being  pinholes 
through  the  electrotype,  the  soldering  fluid  must  be 
used  more  sparingly,  because  it  is  apt  to  find  its 
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way  through  the  defects  and  attract  the  solder  to 
the  front,  spoiling  the  printing  surface.  If  the 
soldering  fluid  should  exhibit  any  tendency  to  turn 
black  upon  the  surface  of  the  shell,  a  little  water 
may  be  added  to  it,  also  a  fragment  of  an  alkali, 
as  chloride  of  ammonium.  Care  should  be  taken 
to  keep  the  heat  as  low  as  possible,  consistent 
with  free  diffusion  of  the  solder.  If  the  shell 
should  exhibit  a  tendency  to  curl  up  at  the  edges, 
weights  of  any  kind  may  be  employed  to  keep  them 
flat  until  backed  and  cool. 

Backing. — When  properly  tinned,  iron  bars  may 
be  so  placed,  if  necessary,  as  to  confine  the  metal 
to  be  poured  on  to  the  surface  of  the  shell.  The 
backing  metal  is  ladled  out  of  the  melting-pot  and 
poured  upon  the  shell,  commencing  at  one  comer, 
until  a  moderate  thickness  is  attained,  so  that 
enough  may  be  left  to  plane  down  to  gauge.  Both 
tray  and  shell  are  removed  together  and  allowed  to 
cool. 

Squaring. — The  superfluous  width  of  shell  and 
back  may  now  be  reduced  by  means  of  the  circular 
saw  to  within  one-fourth  inch  of  the  engraving  or 
type,  care  being  taken  to  cut  square  and  straight 
to  gauge. 

Levelling. — Shells  are  seldom  sufficiently  rigid 
to  prevent  slight  twisting  or  depression  of  the 
printing  surface  from  appearing.  When  backed 
and  cool  they  are,  therefore,  examined  by  means 
of  a  straight-edge  and  callipers,  and  any  depres- 
sions from  the  general  surface  carefully  marked  on 
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the  hack.  After  this  examination,  the  printing 
surface  is  placed  upon  a  level  and  smooth  iron 
block  and  the  depressions  corrected  from  the 
back  by  means  of  a  smooth  and  round-faced  ham- 
mer ;  the  blows  should  not  be  harder  than  will 
actually  serve  the  purpose.  When  the  face  is 
"  home "  to  the  level,  which  is  indicated  by  the 
solidity  of  the  sound,  it  should  be  again  examined 
from  the  other  surface  by  means  of  the  straight- 
edge. Sometimes  the  plate  is  further  *'  planed " 
by  the  application  of  a  printer's  planing-block,  of 
small  size. 

Roughing. — ^This  is  the  next  operation ;  it  con- 
sists in  cutting  away,  by  means  of  a  "roughing 
lathe,"  all  backing  metal  not  parallel  with  the 
printing  surface  of  the  electrotype.  In  many 
cases  this  process  is  made  to  complete  the  plate 
previous  to  mounting.  The  lathe  has  already 
been  described  (p.  138).  A  single  layer  of  thin 
paper  should  be  smoothly  glued  over  the  surface 
ot  the  revolving  face-plate  to  prevent  injury  to  the 
printing  surface.  The  electrotype  should  be  se- 
cured by  means  of  the  chuck-jaws  as  nearly  as 
possible  in  the  centre  of  the  face-plate,  and  re- 
volved at  a  high  speed.  The  cutting-tool  or  knife 
should  be  kept  moistened  with  water.  When  the 
plate  has  been  faced  it  is  removed,  and  should 
be  finished  in  the  planer  to  the  standard  gauge. 

In  both  the  roughing  and  planing  operations 
care  must  be  taken  that  the  electrotype  shall  lie 
quite  flat  to  the  face-plate  and  the  planing-bed. 
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In  the  former  case  the  chuck-jaws  must  be  set  so 
as  to  obviate  twisting  or  bending  the  plate,  or 
otherwise  disturbing  its  accurate  flat  surface.  It 
is  always  well  to  have  at  hand  a  small  printing- 
press,  in  which  a  preliminary  "  pull "  can  be  ob- 
tained, to  prove  the  flatness  of  the  plate. 

Bevelling. — It  is  now  usual  to  bevel  off"  the  edges 
of  the  electrotype  in  the  bevelling  machine,  men- 
tioned at  p.  139 ;  but  in  some  cases  it  is  done  by 
hand  with  a  sharp  file.  A  bevelling-plane  is, 
however,  much  better  adapted  to  the  work,  but 
care  must  be  taken  in  either  case  to  avoid  work- 
ing too  near  to  the  edge  of  the  engraving  or  type. 
When  the  electrotype  is  to  be  mounted  upon 
wood,  the  bevelling  may  be  done  by  hand  and 
file,  but  otherwise  it  is  not  only  necessary  to  square 
and  bevel  off  very  accurately,  but  to  make  every 
plate  of  the  same  work  correspond  in  size  with 
any  other  plate  of  the  set,  otherwise  much  con- 
tusion is  likely  to  result  in  arranging  them  for  the 
printing  process. 

Correcting  and  Routing. — In  cases  where  the 
original  plate  has  been  perfect  and  care  taken  in 
producing  the  electrotype,  there  should  be  little 
need  for  the  troublesome  process  variously  known 
as  correcting,  picking,  &c.  But  in  general  prac- 
tice there  is  constant  work  for  the  corrector,  in 
picking  out  accidental  points  of  backing  metal, 
clearing  lines,  repairing  damaged  letters,  and  so 
on.  In  addition  to  this  each  electrotype  should 
be  "chipped"  or  "routed" — an  operation  which 
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means  the  deepening  of  the  central  portions  known 
as  the  "  whites,"  so  that  they  may  not  black  in 
printing. 

The  picking  process  must  be  conducted  with  a 
steady  and  skilful  hand  by  the  aid  of  a  few 
engravers'  tools.  In  repairing  battered  letters  it  is 
usual  to  either  "  knock  up  "  or  otherwise  raise  the 
surface  from  the  back,  and  so  obtain  matter  to 
work  upon  at  the  lace,  or  to  drill  out  the  letter, 
square  the  hole,  and  insert  a  new  one  by  the  aid 
of  solder  and  the  blowpipe.  When  new  letters  are 
inserted,  or  new  portions  of  a  woodcut,  care  must 
be  taken  to  insure  that  the  new  portion  shall  not 
be  higher  or  lower  than  the  old  face.  This  class  of 
work  is  secured  from  behind  by  wetting  it  with 
soldering  fluid  and  soldering  by  the  aid  of  a  blow- 
pipe and  a  few  grains  of  tinning  composition.  All 
points  of  tin  or  backing  metal  projecting  through 
the  face,  owing  to  holes  in  the  electrotype,  must  be 
carefully  removed  with  suitable  tools. 

The  chipping  or  routing  operation  is  done  on  a 
small  scale  by  means  of  sharp  chisels  with  rounded 
faces  and  a  hammer,  but  in  the  larger  establish- 
ments a  machine  with  a  rapidly-revolving  cutter  is 
provided,  which  speedily  cuts  away  and  deepens 
the  "whites."  It  is  usually  necessary  in  this  ope- 
ration to  cut  away  portions  of  the  shell  and  some 
thin  portion  of  the  backing  metal. 

Additions  to  the  Electrotype. — In  some  cases  the 
necessity  arises  for  an  addition  to  the  plate, 
upon  which  the  design  of  the  engraving  may  be 
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continued ;  or  sometimes  two  electrotypes  oi 
engravings  may  be  combined  to  act  as  one.  The 
greatest  care  is  necessary  in  this  work  to  insure 
that  the  joined  edges  shall  be  straight  and  true, 
otherwise  the  join  will  exhibit  as  a  white  line  in 
the  printing.  The  blowpipe  and  soldering  bolt  are 
generally  employed  in  this  work. 

Mounting, — Electrotypes  of  woodcuts  are  usually 
mounted  upon  mahogany  blocks  (p.  139),  which  are 
afterwards  accurately  planed  to  type  gauge.  The 
block  should  be  of  the  same  size  as  the  plate ;  it 
should  not  in  any  case  be  smaller ;  its  surface 
must  be  perfectly  level,  otherwise  the  plate  will 
be  twisted,  and  will  not  print  all  over  its 
surface. 

In  most  cases  holes  should  be  drilled  in  the  plate 
for  the  pins,  because  driving  them  through  the 
metal  frequently  tends  to  twist  the  surrounding 
portions.  French  pins  with  small  heads  are  usually 
employed.  They  should  be  placed  around  the 
edges  first;  a  pin  or  two  should  be  driven  well 
home  in  the  whites.  The  holes  should  be  counter- 
sunk, so  that  the  pinheads  may  not  protrude.  A 
steel  punch  and  hammer  must  be  used.  All  the 
pins  should  not  be  driven  home  at  once  as  they  are 
entered,  but  afterwards,  as  the  plate  tends  to  lie  on 
the  block.  Flatness  and  freedom  from  warping  is 
the  object  of  this.  The  electrotypes,  after  being 
mounted,  are  always  gauged  by  passing  them 
under  a  standard  gauge  mounted  on  a  level  plate. 
Each  block  should  be  planed  carefully  to  the  gauge, 
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or  if  anything  rather  thinner,  as  they  can  after- 
wards be  corrected  for  height  by  underlaying  with 
paper. 

Storing  Electrotypes. — Plates  mounted  upon  wood 
should  always  be  kept  in  a  dry  place,  because  the 
mahogany  is  apt  to  absorb  moisture  and  warp  or 
swell.  As  a  rule,  electrotypes  of  this  class  should 
be  stored  in  shallow  drawers,  only  slightly  deeper 
than  type-high.  In  packing,  the  printing  faces 
must  always  be  protected  by  one  or  two  layers  of 
soft  paper,  and  care  should  be  taken  to  so  arrange 
the  blocks  as  to  be  free  from  shaking  or  possible 
movement.  The  top  and  bottom  faces  of  the  sets 
of  plates  should  always  be  turned  towards  each 
other  for  the  sake  of  protection. 

Rotary  Electrotyped  Plates. — The  flat  electrotypes 
may  be  arranged  in  the  form  of  cylinders  when 
required  to  be  worked  upon  rotating  printing 
machines.  Several  methods  are  in  use.  The 
shell  should  first  be  corrected  to  the  flat  form 
and  then  tinned  on  the  back.  In  curving  it  a 
cylinder  of  the  required  size  may  be  used,  and  an 
outer  convex  casing  provided,  between  which  and 
the  electrotype  back  a  layer  of  backing  metal  may 
be  poured.  The  final  corrections  and  planing  may 
then  be  proceeded  with,  similar  to  the  methods 
adopted  in  finishing  common  stereotype  plates. 
By  employing  moulding  cases  of  a  convex  pattern, 
filled  to  a  uniform  height  with  the  wax  composi- 
tion, convex  printing  surfaces  may  be  deposited 
upon  moulds  from  curved  stereo-plates. 
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Finishing  Art  Work. — Medallions  may  be 
backed  with  pitch,  plaster  of  Paris,  sealing-wax,  or 
backing  metal.  In  the  latter  case,  the  shell  is 
placed  on  a  wire-gauze  plate,  or  on  a  bed  of 
asbestos,  and  heat  applied  gently  from  underneath  ; 
the  back  is  wetted  with  soldering  fluid  and  tinned 
exactly  as  described  (p.  213)  for  printing  shells. 
The  backing  metal  may  be  poured  on  or  melted  in 
position  by  means  of  a  blowpipe.  This  backing 
is,  of  course,  applicable  to  all  flat  art  work  of  the 
medallion  kind. 

When  two  electrotypes  of  a  medallion  have  to 
be  joined  together  to  resemble  the  original,  they 
must  be  trimmed  with  the  file  and  shears,  and 
levelled  to  the  required  thickness.  Heat  may  then 
be  applied  and  the  backs  tinned ;  a  layer  of  back- 
ing metal  may  also,  if  required,  be  melted  upon 
each.  When  the  two  sides  are  properly  adjusted 
to  each  other,  so  that  the  faces  may  lie  correctly, 
additional  heat,  gently  applied  to  avoid  oxidation, 
will  melt  them  in  position,  and  the  edges  may  be 
finished  off  with  the  file.  In  some  cases  a  slight 
coating  of  copper  around  the  edge  may  be  applied 
to  cover  over  the  join  and  give  the  reproduction  a 
finished  appearance.  A  number  of  recipes  for 
colouring  and  bronzing  the  finished  electrotypes  of 
all  kinds  have  been  given  at  p.  184. 

Busts. — When  a  bust  has  been  electrotyped  in 
two  parts  the  shells  are  trimmed  with  shears  and 
file  until  their  separating  edges  agree.  The  edges 
may  then  be  wetted  with  soldering  fluid  and  tinned 
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with  an  ordinary  tinman's  bolt.  When  the  edges 
are  placed  together,  the  flame  of  a  lamp  directed 
upon  the  seam  by  a  common  blowpipe  can  be 
made  to  heat  the  shells  sufficiently  to  melt  the 
tinning  and  secure  the  joint.  When  finally 
rubbed  over  with  the  file  the  joint  mav  be 
bronzed. 

In  cases  where  the  hand  may  be  placed  w^ithin 
the  joined-up  shells  the  uniting  process  is  sim- 
plified by  employing  the  soldering-iron.  In  many 
cases  the  shells  are  too  weak  to  stand  fair 
usage,  and  they  must  be  backed  by  tinning  and 
pouring  on  metal,  as  described  for  printing  plates 
(p.  214).  The  backing  in  this  case  should  be  allowed 
to  run  into  the  hollows,  because  these  are  usually 
the  thinnest  portions  of  the  shell.  These  hollows 
are  often  so  weak  by  reason  of  defective  anode 
arrangements  that  a  slight  touch  will  dimple  them, 
and  they  are  frequently  pierced  with  holes,  due  to 
air  bubbles  or  gas.  Through  these  holes  the  tin- 
ning and  backing  metal  are  apt  to  run,  but  the 
protuberance  can  easily  be  chipped  off  and  the 
spots  bronzed  or  covered  with  bronze  powder  dusted 
upon  gold  size. 

Shells  that  are  required  to  support  any  consider- 
able weight  must  be  more  rigid  than  common 
shells.  The  additional  strength  may  be  always 
applied  by  means  of  backing  metal.  When  large 
shells  are  heated  to  be  tinned  and  backed,  various 
substances  may  be  spread  over  their  surfaces,  so 
that  they  may  be  floated  direct  upon  the  molten 


222  ELECTRO-TYPING. 

backing  metal.  They  may  be  blackleaded  all  over 
or  covered  with  other  substances  to  prevent  the  sur- 
face from  "  taking  "  the  metal  upon  the  wrong  side. 
Smaller  shells  can  be  readily  heated  by  means  of 
a  well-distributed  gas  flame  through  a  bed  of 
asbojvOC 
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TiltUrrlytes,  15 

Electrolytic  relations  of  copper,  33 
Electrolysis  of  copper  salts,  33 

iron  solution,  36 
Electro-motive  force  of  batteries, 
63 

pAILURES,  178 

Final  preparation  of  work, 

2(2 
Finishing  art  work,  220 

busts,  220 
Flat  printing  surfaces,  preparation 

of,  161 
Flat-work,  deposition  of,  185 
Force,  electro-motive,  9 
Fusible  alloy,  144 

r^ALVANIC  battery,  39 
Galvanometer,  30 

construction  of,  92 

tangent,  93 

ordinary,  95 

differential,  95 
Galvanometer,  Sprague's,  96 
Gas  bubbles,  189 
Glue,  marine,  148 
Gramme's  machine,  88 
Grove's  cell,  52 

T-IARD  facings,  205 

Hints  on  preparation,  176 
Hooks  and  "slings,"  137 

TMMERSION,    deposition    of 

copper,  34 
Insulators  and  conductors,  8 
Interior  work,  198 
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Introduction  to  the  art,  i 
Iron,  35 

salts  of,  36 

solution,  electrolysis  of,  36 

facing  solution,  1 10 

solution,  management  of,  1 12 
vessels  for,  130 

cylinders,  coppering  of,  194 

facing,  205 

T   ATHE,  roughing,  138 

Leading  wire  systems,  175 
Levelling,  214 
Local  action,  63 

A/T  ACHINE,    dynamo-electric, 

75 
Machine,  Gramme's,  88 

Weston's,  88 

Wilde's,  88 

Schuckert's;  88 

Siemens',  88 

Maxim's,  88 
Management  of  solution,  105 

iron  solutions,  112 
Marine  glue,  148 
Maxim's  machine,  88 
Measurement  of  currents,  89 

resistance,  96 
Medallion  depositing  trays,  154 
Metal,  backing,  37 
Methods  of  making  solutions,  27 
Minor  effects  of  the  current  on 

electrolyte,  18 
Motor  for  dynamo-electric    ma- 
chines, 80 
Moulding  apparatus,  118 

composition  vessel,  134 

materials,  141 
Mounting  electrotypes,  139 

process  of,  218 

XriCKEL,  37 
*  •         solution  or,  114 
facing,  208 


Nodules,  184 

cause  of,  202 
Noe's  thermo-electric  battery. 
Nomenclature  of  the  art,  6 

/~\HM,  the,  unit  of  resistance, 

90 
Outline  of  the  art,  4 

pLANER,  139 

Plaster  of  Paris,  145 
Platinised  silver  plates,  43 
Plumbago,  149 
Polarity,  reversal  of,  83 
Polarization,  19 
Porous  cells,  59 
Precautions,  213 
Preparation  of  the  work,  15a 

medallions,  153 

flat  surfaces,  161 

steel  engravings,  167 

art  work,  1 70 

hints  on,  1 76 
Pressure  apparatus,  134 
Process,  separate  current,  28 

compound  vessel,  29 

(QUALITY  of  deposited  cop. 


\d> 


per,  35 
solutions,  109 


■n  EGULATION    of    dynamo- 
electric  currents,  82 
Relation  of  current  to  work,  2 1 
Resistance  of  the  solution,  23 

coils  and  shunts,  83 

measurement  of,  96 

scales,  128 
Reversal  of  polarity,  83 

current  in  solution,  1 10 
Rotary  plates,  219 
Roughing  lathe,  138 

operation  01.  »f  e 
Routing,  operatiau  of,  ai6 
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CALTS  of  copper,  31 
electrolysis  of,  33 
Salts  of  iron,  36 
Saw,  circular,  138 
Schuckert's  machine,  88 
Separate  current  process,  28 

solution  for,  102 
Siemens'  machine,  88 
Silver  plates,  platinised,  43 
Simple  immersion  deposit,  24 
Simplest  type  of  cell,  40 
Single  cell  depositing  apparatus, 
25 

process,  35 — 180 
Size  of  battery  plates,  43 
Slow  deposition,  cause  of,  200 
Smee  battery,  44 
Solder,  38 

Solutions,    different,   decomposi- 
tion of,  20 

resistance  of  the,  23 

methods  of  making  the,  27 

for  batteries,  61 

instructions  for  making,  99 

copper,  102 

management  of,  105 

new,  test  for,  109 

quality  of,  109 

steel-facing,  no 

nickel,  114 

brass,  115 
Sprague's  galvanometer,  96 
Squaring,  214 
Standard  process,  the,  185 
Stearine,  145 
Steel-facing  solution,  1 10 

plate-moulding  compc,  143 
Steel  engravings,  preparation  of, 
167 

electrotypes  from,  193 
Stopping-off  compositions,  149 
Storing  electrotypes,  219 


'T'ANGENT  galvanometer,  93 

Temperature  of  solution,  107 
Terminals,  56 
Tests  for  new  solution,  109 
Thermo-electric  batteries,  7 1 

battery,  Clamond's,  72 

Noe's,  74 
Thickness  of  deposit,  192 
Tinning  metal,  38 

trays,  137 

process  of,  213 
Trays,  tinning,  137 

medallion,  154 

TJNDERCUTTINGS,  196 

Urquhart's    safety    current 
interrupter,  84 
resistance  scales,  128 
medallion  trays,  154 

■yAT,  small,  118 

large,  122 

plan  of,  124 
Veber,  unit  of  current  or  quanti- 

tity,  90 
Vessels  for  alkaline  solutions,  129 

iron  solutions,  130 
Volt,  unit  of  electro-motive  force, 

91 
Voltameters,  water  and  copper, 
93 

"U^EBER,  ..iiit  of  current,  90 

Weston's  machine,  88 
Wilde's  machine,  88 
Work  and  current,  relations  be- 
tween,  21 

2}^c,  37 

for  batteries,  56 

to  cut,  57 

to  bend,  57 

to  amalgamate,  57 
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Engineer. 
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deposition  with  a  very  little  science  indeed,  and  this  is  the  book  to  show 
him  or  her  the  way." — Builder. 

"  A  large  amount  of  thoroughly  practical  information.  .  .  .  The  authoi 
is  at  home  in  dealing  with  his  subject.  .  .  .  Undoubtedly  a  useful  work, 
and  one  which  can  be  recommended." — Telegraphic  Journal. 

"  Any  amateur  will  find  no  difficulty  in  understanding  the  book  from 
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OPINIONS  OF  THE  PRESS  ON 
MR.     URQUHART'S    '' EIECTRIC    LIGHT: 


"  The  art  of  electric  lighting,  owing  to  its  very  recent  introduction,  is 
far  from  being  thoroughly  understood,  even  by  some  of  those  engaged  in 
its  production.  The  general  public,  of  course,  understand  it  less  ;  but  to 
both  this  work  is  calculated  to  prove  useful.  To  the  former  there  is  much 
that  will  be  novel  as  well  as  useful,  and  there  are  few  intelligent  men  of 
any  class  who  may  not,  by  a  careful  perusal  of  it,  be  enabled  to  grasp  the 
principles  of  the  invention — at  all  events  gather  sufficient  facts  to  enable 
them  to  judge  between  rival  systems  of  electric  lighting  and  between  these 
and  gas." — Iron. 

*'  As  a  popular  work  it  will  doubtless  meet  with  considerable  approval. 
.  .  .  The  book  can  be  recommended  to  those  who  wish  to  learn  some- 
thing about  the  electric  light,  vi'hile  the  practical  information  will  be  found 
useful  to  amateurs." — English  Mechanic. 

"  An  interesting  volume.  .  .  .  The  volume  is  intended  to  be  popular, 
and  is,  therefore,  prepared  in  a  style  to  suit  the  general  reader,  yet  accuracy 
and  systematic  arrangement  have  been  as  carefully  considered  as  if  the 
book  had  been  intended  for  the  professional  man.  The  work  is  unques- 
tionably one  that  will  be  extensively  read  and  appreciated,  and  one,  more- 
over, which  may  offer  important  suggestions  to  inventors  who  turn  their 
attention  to  the  removal  of  the  few  defects  still  requiring  removal  in  order 
to  make  electric  illumination  generally  applicable." — Mining  Journal. 

"  The  book  contains  a  general  account  of  the  means  adopted  in  pro- 
ducing the  electric  light,  not  only  as  obtained  from  voltaic  or  galvanic 
batteries,  but  treats  at  length  the  dynamo-electric  machine  in  several  of  its 
forms.  .  .  .  We  welcome  the  present  volume  as  an  important  addition 
to  the  literature  of  the  electric  light.  Students  of  the  subject  should  no 
fail  to  read  it." — Colliery  Guardian. 

"  As  a  practical  exposition  of  the  various  systems  of  electric  lighting  we 
consider  it  likely  to  be  useful  to  the  large  and  increasing  class  who  are 
interested  in  the  subject." — Design  and  Work. 

"  A  clear  and  practical  little  book." — Westminster  Review. 

"  It  is  the  only  work  at  present  available  which  gives  in  language  intel- 
ligible for  the  most  part  to  the  ordinary  reader  a  general  but  concise  history 
of  the  means  which  have  been  adopted  up  to  the  present  time  in  producing 
the  electric  light.  .  .  .  The  description  of  these  various  appliances  are  just 
sufficiently  full  to  afford  the  reader  a  clear  idea  of  their  operation.  .  .  . 
As  a  concise  history  of  a  vast  deal  that  has  already  been  accomplished, 
and  as  a  reliable  catalogue  or  list  of  the  appliances  at  the  disposal  of  those 
desirous  of  employing  this  means  of  illumination,  the  work  will  doubtless 
be  accepted  as  a  valuable  addition  to  the  literature  at  present  available  on 
the  subject." — Metropolitan. 


opinions  of  the  Press — continued. 


••  To  those  who  wish  to  know  the  mechanical  stages  that  have  marked 
the  progress  of  electric  lighting,  no  better  practical  guide  could  be  found 
than  Mr.  Urquhart's  little  work.  Himself  the  inventor  of  an  electric 
lamp,  his  practical  acquaintance  with  the  subject  enables  him  to  give  such 
directions  regarding  the  working  of  galvanic  batteries,  electric  lamps,  and 
dynamo-electric  machines  as  cannot  fail  to  prove  useful  to  amateur  workers 
in  this  field,  for  whom  the  book  seems  to  have  been  more  especially 
written. " — Scotsman. 

"  A  volume  capable  of  being  made  extremely  useful  by  those  who  have 
to  do  with  the  practical  working  of  electric  lamps,  galvanic  batteries, 
dynamo-electric  machines,  and  other  means  of  producing  electric  light. 
...  A  well  written,  popular,  and  reliable  manual.  .  .  .  We  have  no 
hesitation  to  give  it  a  cordial  welcome." — Leeds  Mercury. 

"  The  book  before  us  shows  the  steady  progress  which  is  being  made  by 
electricians,  who  reasonably  conclude,  from  what  has  been  already  accom> 
plished,  that  their  complete  triumph  is  not  far  distant.  The  author  enters 
into  full  details  of  the  principal  systems  of  electrical  illumination  that  have 
been  recently  introduced,  and  gives  practical  directions  to  students  and 
amateurs  with  reference  to  the  working  of  galvanic  batteries,  dynamo- 
electric  machines,  electric  lamps,  and  other  apparatus,  much  information 
being  added  by  the  editor,  a  well-known  telegraph  engineer,  on  historical, 
theoretical,  and  experimental  points.  As  a  popular  and  practical  treatise 
on  the  subject  the  volume  may  be  thoroughly  recommended." — Bristol 
Mercury. 

"  Sure  of  a  high  place  as  a  handbook  and  instructor  in  relation  to  all 
matters  concerning  galvanic  batteries,  electric  lamps,  and  dynamo-electric 
machines." — Liverpool  Albion. 

"The  present  work  may  be  said  to  be  almost  exhaustive  on  the' subject 
of  the  electric  light,  so  far  as  its  latest  developments  have  gone.  The 
author  takes  us  back  to  its  first  appearance  in  the  world  of  science,  and 
traces  its  progress  through  all  the  stages  of  its  growth,  up  to  the  latest 
improvements  of  Mr.  Edison.  ...  To  all  wishing  to  have  before  them 
a  lucid  explanation  of  all  appertaining  to  the  light  of  the  future,  this  book 
may  with  confidence  be  recommended." — People's  Friend. 

"  Information  about  the  electric  light  is  usually  derived  from  sensational 
newspaper  paragraphs,  and  for  the  most  part  they  are  utterly  unreliable. 
The  public  who  have  been  fed  upon  this  fare  would  prefer  wholesome 
food  if  they  could  get  it,  but  for  a  long  time  this  was  unattainable.  They 
now  have  a  text-book  to  consult  whose  authority  is  indisputable,  and 
whose  evidence  is  brought  down  to  the  present  month." — British  Mail. 
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Yeast- cuLiuKu  i  rom  a  Single  Cell  with  Yeasts— Treatment  uv  Beer— The 

Brewery  and  I'lants. 

CALCULATOR,  NUMBER,  WEIGHT  AND  FRACTIONAL. 

Containing  upwards  of  250,000  Separate  Calculations,  showing  at  a  Glance 
the  Value  at  42?  Different  Rates,  ranging  from  j2,th  of  a  Penny  to  20s.  each, 
or  per  cwt.,  and  jfao  per  ton,  of  any  number  of  articles  consecutively,  from 
I  to  470.  Any  number  of  cwts.,  qrs.,  and  lbs.,  from  i  cwt.  to  470  cwts.  Any 
number  of  tons,  cwts.,  qrs.,  and  lbs.,  from  i  to  1,000  tons.  By  William 
Chadwick,  Public  Accountant.  Fifth  Edition,  Revised  and  Improved. 
8vo,  strongly  bound 1 8/0 

CEMENTS,    PASTES,    GLUES,    AND    GUM5.     A    Guide 

to  the  Manufacture  and  Application  of  Agglutinants  for  Workshop, 
Laboratory,  or  Office  Use.  With  goo  Recipes  and  Formulae.  By  H.  C. 
Standage.    Crown  8vo,  cloth 2/0 

"As  a  revelation  of  wliat  are  considered  trade  secrets,  this  book  will  arouse  ari  amount  of 
curiosity  amonjj  the  large  number  of  industries  it  touches."— /^aj/y  Chroiiicic. 

CHEMISTRY      FOR     ARMY     AND      MATRICULATION 

CANDIDATES.  By  Geoffrey  Martin,  B.Sc,  Ph.D.  Crown  8vo,  cloth. 
With  numerous  Illustrations Net  2/0 

Preparation  and  Use  oh  appara  rus  —  Preparation  and  Properties  of 
Certain  Gases  and  liquids  — Simple  quantitative  experiments— Analyitcal 
Operations— SoLuiiiLiTV— Water  Crystallisation— Neutralisation  of  acids  by 
Bases,  and  Preparation  of  Simple  Salts  — Volumetric  Analysis  —  chemical 
Equivalents— Observation  ok  Reaction— melting  and  Boiling  Points— symbols 
AND  Atomic  Weights  of  the  Elements— Weights  and  Measures- Hints  on 
regulati.ng  wokk  in  Practical  Chemistry  Classes. 

CHEMISTRY:     INDUSTRIAL   AND    MANUFACTURING 

CHEMISTRY  (Organic).  By  Geoffrey  Martin,  Ph  D.,  M.Sc,  B.Sc. 
F.C.S.,  assisted  by  Fourte  n  Specialists,     700  pages,  250  Illustrations,   Royal 

Svo,  cloth   . [Just  Published.     Net  21  /O 

V :*»  This  work  covers  the  whole  range  of  subjects  with  which  the  industrial 
chemist  and  manufacturer  are  usually  concerned,  and  meets  the  requirements  of  all 
business  and  practical  men  interested  in  Chemical  Processes,  of  Manufacturers, 
Consulting  Chemists,  Chemical  Engineers,  Students  in  Technical  Institutioifc,  &c.,&c. 
The  following  Specialists  have  assisted  in  the  compilation  of  the  work :  Wm. 
Barbour,  M.A.,  B.Sc,  F.I  C. ;  T.  Beacall,  B.  A. ;  A.  J.  Carrier,  B.Sc  ;  F.  Challenger, 
Ph.D.,  B.Sc,  A.I.C.  ;  E.  A.  Dancaster,  B  Sc  ;  J.  Newton  Friend,  D.Sc,  Ph.D. ; 
W.  Goodwin,  M.Sc,  Ph.D. ;  C.  H.  Griffiths,  Brew.  Eng.  ;  G.  Druce  Lander,  D.Sc, 
Ph.D.,  F.I.C.  ;  D.  B.  Law,  B.Sc,  F.I.C.  ;  C.  A.  Mitchell,  B.A.,  F.I.C. ;  H.  S.  Sand, 
Ph.D.,  D.Sc. ;  Arthur  Slator,  Ph.D.,  D.Sc.  F.LC. ;  W.  H.  Stephens,  A.R.C.S. 

LIST   OF  SECTIO.NS. 
I.  The    oil,  Fat,  Vaknish   and  soap 

industry. 
:.  The  sugar  Industry. 

3.  The  Starch  Industry. 

4.  The  Cellulose  Industry. 

5.  The  Fermentation  Industrie.s. 

6.  The  CiiARcoALAND  Wood  Distilling 

Industry. 

7.  The      Turpentine      and      rosin 

Industry. 

8.  Industrial  GUMS  and  Resins. 

9.  The  rubber  Industry, 

10.  The      Industry      of      Aliphatic 

Chemicals, 

11.  The  Illuminating  Gas  Industry. 

12.  THE  COAL  Tar  and  Coal  Tar  Pro- 

duct Industry. 


13.  industry  of  synrhf.tic  dye  stuffs. 

14.  industry  of  natural  dye  stuffs, 
is.  the  ink  industry. 

16.  the  pigment  and  paint  industry. 

17.  the  te.xtile  fibre,  bleaching  and 

Waterproofing  Industries. 
i8.  dyeing     and     colour     printing 
Industries. 

19.  the       leather      and      tanning 

industry. 

20.  The  GLUE,   GELATINE  AND  ALBUMEN 

Industry. 

21.  The  Industry  oi"  Modern  Synthetic 

AND  other  Drugs. 
j».  Modern  E.xplosive  industry. 
23.  industry        of        photographic 

Chemicals. 


{Complete  Prospectus  on  A/>J>lication.] 
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CLOCKS,  WATCHES,  &  BELLS  for  PUBLIC  PURPOSES. 

By  Edmund  Beckett,  Lord  Grimthorpe,  LL.D.,  K.C,  K.R.A.S.  Eighth 
Edition,  with  new  List  of  Great  Bells  and  an  Appendix  on  Weathercocks. 
Crown  8vo,  cloth 4/6 ;  cloth  boards,  5/6 

COACH-BUILDING.  A  Practical  Treatise,  Historical  and 
Descriptive.    By  J.  W.  Burgess.    Crown  8vo,  cloth  .        .        .    2/6 

COKE— MODERN     COKING     PRACTICE.      Including     the 

Analysis  of  Materials  and  Products.  A  handbook  for  those  engaged  or 
interested  in  Coke  Manufacture  with  recovery  of  By-Products.  By  T.  H. 
Bvrom,  F.LC.,  F.C.S.,  Mem.  Soc.  ofChem.  Industry,  Chief  Chemist  to  the 
Wigan  Coal  and  Iron  Company.  For  fifteen  years  Lecturer  at  the  Wigan 
Technical  College.  Author  of  "The  Physics  and  Chemistry  of  Mining"  ; 
and  J.  E.  Christopher,  Mem.  Soc.  of  Chem.  Industry,  Sub-manager  of 
the  Semet  Solvay  Coking  Plant  of  the  Wigan  Coal  and  Iron  Company. 
Lecturer  on  Coke  Manufacture  at  the  Wigan  Technical  College.  168  pages, 
with  numerous  illustrations.      Demy  8vo,  cloth.  .        .        ,        Net  8/6 

"  The  author?  have  succeeded  in  treating  the  subject  in  a  clear  and  compact  way,  giving  an 

easily  comprehensible  review  of  the  different  processes." — Miuiiis:  yourual, 

"The  book  will  be  eagerly  read,  and  the  authors  may  be  assured  that  their  labour  will  be 

appreciated.    We  anticipate  tnat  the  book  will  be  a  success ;  at  any  rate  it  possesses  the  necessary 

m^i\X.y— Science  and  Art  0/  MDtins^. 

COMMERCIAL    CHEMISTRY.       See    Martins    Industrial 

Chemistry,  p.  4. 

COMMERCIAL     CORRESPONDENT,     FOREIGN.      Being 

Aids  to  Commercial  Correspondence  in  Five  Languages — English,  French, 
German,    Italian,  and   Spanish.     By  Conrad   £.    Baker.      Third   Edition, 

Carefully  Revised  Throughout.     Crown  8vo,  cloth 4/6 

"  Whoever  wishes  to  correspond  In  all  the  languages  mentioned  by  Mr.  Baker  cannot  do 
better  than  study  this  work,  the  materials  of  which  are  excellent  and  conveniently  arranged.  They 
consist  not  of  entire  specimen  letters,  but — what  are  far  more  useful — short  passages,  sentences,  cr 
phrases  expressing  the  same  general  Idea  In  various  forms.  — Athtnaum, 

CONFECTIONER,    MODERN    FLOUR.     Containing  a  large 

Collection  of  Reci{>es  for  Cheap  Cakes,  Biscuits,  &c.  Wi'h  remarks  on  the 
Ingredients  Used  in  their  Manufacture.     By  R.  Wells.     Sewed  .        -1/0 

Cloth  boards  2/0 

CONFECTIONERY,    ORNAMENTAL.     A  Guide  for  Bakers. 

Confectioners  and  Pastrycooks ;  including  a  variety  of  Modern  Recipes,  and 
Remarks  on  Decorative  and  Coloured  Work.  With  lag  Original  Designs.  By 
Robert  Wklls.    Crown  8vo,  cloth 5/0 

COTTON  MANUFACTURE.  A  Manual  of  Practical  Instruc- 
tion of  the  Processes  of  Opening,  Carding,  Combing,  Drawing,  Doubling 
and  Spinning,  Methods  of  Dyeing,  &c.  For  the  Use  of  Operatives, 
Overlookers,  and   Manufacturers.     By  J.  Lister.     8vo,  cloth    .        .        7/6 

CRUSHING  AND  GRINDING  MACHINERY  PRACTICE. 

A  Handbook  on  the  Machinery  used  in  Crushing  and  Grinding  Operations  on 
all  classes  of  materials.  Including  also  a  Glossary  of  Technical  Terms  and 
Bibliography.  By  Thomas  G.  Marlow,  Grinding,  Drying  and  Separating 
Machinery  Specialist.  Author  of  "  Drying  Machinery  and  Practice."  With 
numerous  Tables,  Plates  and  Illustrations  .         .        .  (/»  tht  Press. 

DANGEROUS  GOODS.  Their  Sources  and  Properties,  Modes 
of  Storage  and  Transport.  With  Notes  and  Comments  on  Accidents  arisiiig 
therefrom.  For  the  Use  of  Government  and  Railway  Officials,  Steamship 
Owners,  &c.     By  H.  J.  Phillips.     Crown  8vo,  cloth     ....     9/0 

DENTISTRY  (MECHANICAL).  A  Practical  Treatise  on  the 
Construction  of  the  Various  Kinds  of  Artificial  Dentures.  By  C.  Hunter. 
Crown  Svo,  cloth 3/0 


CROSBY  LOCKWOOD  &•  SON'S  CATALOGUE. 


DISCOUNT   aUIDE.     Comprising  several  Series  of  Tables  for 

the  Use  of  Merchiuits,  Manufacturers,  Ironmongers,  and  Others,  by  which  may 
be  ascertained  the  Exact  Profit  arising  from  any  mode  of  usmg  Discounts, 
either  in  the  Purchase  or  Sale  of  Goods,  and  the  method  of  either  Altering  a 
Rate  of  Discount,  or  Advancing  a  Price,  so  as  to  produce,  by  one  operation,  a 
sum  that  will  realise  any  required  Profit  after  allowing  one  or  more  Discounts  : 
to  which  are  added  Tables  of  Profit  or  Advance  from  ij  to  90  per  cent., 
Tables  of  Discount  from  ij  to  98J  per  cent.,  and  Tables  of  Commission,  &c., 
from  i  to  10  per  cent.  By  Henry  Harben,  Accountant.  New  Edition, 
Corrected.     Demy  8vo,  half-bound £1   gg. 

DRYING  MACHINERY  AND  PRACTICE.     A  Handbook  on 

the  Theory  and  Practice  of  Drying  and  Desiccating,  with  Classified  Descrip- 
tion  of  Installations,  Machinery,  and  Apparatus,  including  also  a  Glossary  of 
Technical  Terms  and  Uibliography.  By  Thomas  G.  Marlow,  Grinding, 
Drying,  and  Separating  Machinery  Specialist.  340  pages,  with  numerous 
Tables,  Plates,  and  lUustraliuns.     Medium  8vo,  cloth  Aet  1 2/6 

ELECTRICITY  IN  FACTORIES  AND  WORKSHOPS:  ITS 

COST  AND  CONVENIENCE.  A  Handbook  for  Power  Producers  and 
Power  Users.  By  A.  P.  Hasi.am,  M.I.E.E.  328  pages,  with  numerous 
illustrations.    Large  crown,  8vo,  cloth i\V/  7/6 

ELECTRO-METALLURGY.  A  Practical  Treatise.  By  Alex- 
ander Watt.  Tenth  Edition,  enlarged  and  revised.  Including  the  most 
Recent  Processes.     Crown  Svo,  cloth 3'6 

ELECTRO-PLATING.    A  Practical  Handbook  on  the  Deposition 

of  Copper,  Silver,  Nickel,  Gold,  Aluminium,  Brass,  Platinum,  &c.,  &c.  By 
J.  W.  Urc^uhart,  C.E.     Sixth  Edition.     Crown  Svo,  cloth        .        .        5/0 

ELECTRO-PLATING  &ELECTRO-REFINING  OF  METALS 

Being  a  new  edition  of  Alexander  Watt's  "  Ei.icrRO-DEPosiTioN."  Re- 
written by  A.  Philip,  B.Sc,  Principal  Assistant  to  the  Admiralty  Chemist. 
Second  Edition,    Revised.      700  pages,  with  160  illustrations.      Large  Crown 

Svo,   cloth Net  ■{  2/6 

part  i.  electro-plating— preliminary  considrrations— primary  and 
Secondary  Batteries— Thermopiles— Dynamos— Cost  op  Electrical  Installa- 
tions OF  Small  Output  for  Electro-Plating— Historical  Rf.view  ok  Electro 
Deposition— Electro  Deposition  of  Copper— Deposition  of  Gold  by  Simple 
Immersion— Electro  Deposition  of  Gold— Various  Gilding  Operations— Mer- 
cury Gilding —tELECTRo  Deposition  of  Silver  —  Imitation  Antique  Silver- 
Electro  Deposition  of  Nickel,  Tin,  Ikon  and  Zinc,  Various  Metals  and  Alloys 
—Recovery  OF  Gold  and  Silver  from  Wash  Solutions— Mechanical  operations 
connected  with  Electro  Deposition— Materials  Used  in  Electro  Deposition. 
part  ii.  electro  metallurgy— electro  metallurgy  of  copper— cost  op 
Electrolytic  Copper  Refining— Current  Density  as  a  Factor  in  profits— Some 
IMPORTANT  Details  in  Electrolytic  Copper  Refineries— Electrolytic  Gold 
AND  silver  Bullion  refining— Electrolytic  treatment  of  Tin— Electrolytic 
refining  of  Lead— Electrolytic  Production  of  Aluminium  and  Electrolytic 
reflning  of  Nickel— Electro  galvanising. 

ELECTRO-TYPING.  The  Reproduction  and  Multiplication  of 
Printing  Surfaces  and  Works  of  Art  by  the  Electro-Deposition  of  Metals.  By 
J.  W.  Urqohart,  C.E.    Crown  Svo,  cloth 6/0 

ENGINEERING  CHEMISTRY.    A  Practical  Treatise  for  the 

Use  of  Analytical  Chemists,  Engineers,  Iron  Masters,  Iron  Founders, 
Students  and  others.  Comprising  Methods  of  Analysis  and  Valuation  of  the 
Principal  Materials  used  in  Engineering  Work,  with  numerous  Analyses, 
Examples  and  Suggestions.  Bjr  H.  Phillips.  Third  Edition,  Revised. 
Crown  Svo,  420  pp.,  with  Illustrations,  cloth    ....         IV^et  1 0/6 
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EXPLOSIVES,  MODERN,    A    HANDBOOK  ON.     A  Prac- 

tical  Treatise  on  the  Manufacture  and  Use  of  Dynamite,  Gun-Cotton, 
Nitro-Glycerine  and  other  Explosive  Compounds,  including  Collodion-Cotton. 
With  Chapters  on  Explosives  in  Practical  Application.  By  M.  Eissler,  M.E. 
Second  Edition,  Enlarged.     Crown  8vo,  cloth 1  2/8 

EXPLOSIVES:     NITRO-EXPLOSIVES.       The     Properties, 

Manufacture,  and  Analysis  of  Nitrated  Substances,  including  the  Fulminates, 
Smokeless  Powders,  and  Celluloid.  By  P.  G.  Sanford,  F.I.C,  F.C.S., 
Public  Analyst  to  the  Borough  of  Penzance.  Second  Edition,  enlarged.  With 
Illustrations.     Demy  8vo,  cloth Net  1  QIQ 

NiTRO  Glycerine  — Nitro-Cei.i.ulose,  etc. —Dynamite  — Nitro-Benzol,  Ro- 
buritr,  bm.litk,  i'ickic  acid.  etc.- the  fulminates- smokeless  powders  in 
Gkneral— Analysis  <ji-'  Explosives— Firing  Point,  Heat  tests,  Determination 
OF  Relative  Strength,  etc. 

"One  of  the  very  few  text-books  in  which  can  be  found  just  what  Is  wanted.  Mr.  Sanford 
goes  steadily  througti  the  whole  list  of  explosives  conimunly  used,  he  names  any  given  explosive, 
and  tells  of  what  it  is  composed  and  how  it  is  manufactured.    The  boolc  is  excellent.  —£»^inMr. 

FACTORY     ACCOUNTS:     THEIR     PRINCIPLES     AND 

PRACTICE.  A  Handbook  for  Accountants  and  Manufacturers,  with 
Appendices  on  the  Nomenclature  of  Machine  Details,  the  Income  Tax 
Acts,  the  Rating  of  Factories,  Fire  and  Boiler  Insurance,  etc.,  including 
a  Glossary  of  Terms  and  a  large  number  of  Specimen  Rulings. 
By  Emile  Garcke  and  J.  M.  Fells.  Sixth  Edition,  Revised  and 
considerably  extended.     314  pages.     Demy  8vo,  cloth    .        .        .     JVet  6/0 

"  A  very  interesting  description  of  the  requirements  of  Factory  Accounts.  .  .  ,  The  prlndpla 
of  assimilating  the  Factory  Accounts  to  the  general  commercial  boolcs  is  one  which  we  thoroughly 
agree  with." — Accountants'  journal. 

FLOUR  MANUFACTURE.     A  Treatise  on  Milling  Science  and 

Practice.  By  Friedrich  Kick,  Imperial  Regierungsjath,  Professor  of 
Mechanical  Technology  in  the  Imperial  German  Polytechnic  Institute,  Prague. 
Translated  from  the  Second  Enlarged  and  Revised  Edition.  By  H.  H.  P. 
PowLES,  A.M. Inst. C.E.  400  pp.,  with  23  Folding  Plates,  and  167  Woodcuts. 
Royal  8vo,  cloth £1   6s. 

FRENCH  POLISHING  AND  ENAMELLING.  Including 
numerous  Recipes  for  making  Polishes,  Varnishes,  Glaze,  Lacquers, 
Revivers,  &c.      By   R.   Bitmead.     Crown  8vo,  cloth  .        .        .        .1/6 

FRETCUTTING,  THE  ART  OF  MODERN.  By  John  Makinson. 

150  pages,  with  numerous  Illustrations.     Crown  8vo,  cloth.     [Just  Published. 

Net  1/6 

QAS  ENGINEER'S    POCKET-BOOK*      Comprising    Tables. 

Notes  and  Memoranda  relating  to  the  Manufacture,  Distribution  and  Use 
of  Coal  Gas  and  the  Construction  of  Gas  Works.  By  H.  O'Connor, 
A.M.Inst.C.E.    Third  Edition.     Revised.    Crown  8 vo,  leather. 

N«M0/6 

GENERAL  CONSTRUCTING  MEMORANDA— GENERAL  MATHEMATICAL  TABLES 
—UNLOADING  MATERIALS  AND  STORAt, E— RETORT  HuUSE— CONDENSERS- BolLERS, 
Er*GINKS,  PUMPS,  AND  EXHAUSTERS  —  SCRUIiliERS  AND  WASHERS  —  PURIFIERS- 
GASHOLDER  Tanks -GASHOLDERS— Workshop  Notes-MANUFACTURING— Storing 

MATERIALS— RETORT    HoUSE    (WORKING) —  CONDENSING    GAS— EXHAUSTERS,     ETC.— 
WASHING    AND    SCRUBBING— PURIFICATION— GASHOLDERS    (CARE     OF)— DISTRIBUTING 

Gas— TESTING— Enriching  Processes— Product  Works— Supplemb.ntary. 
"The  book  contains  .1  vas:  amount  of  information."— Cax  IVorlJ. 

QAS  ENGINEERING.  See  Producer  Gas  Practice  and 
Industrial  Gas  Engineering. 
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GAS  FITTINQ.  A  Practical  Handbook.  By  John  Black. 
Revised  Edition.     With   130  Illustrations.        Crown  8vo,  cloth         .    2/6 

QAS  LIGHTING.     See  Acetylene. 

GAS  LIGHTING  FOR  COUNTRY  HOUSES.  See  Petrol 
Air  Gas. 

GAS  MANUFACTURE,  CHEMISTRY  OF.  A  Practical 
Manual  for  the  use  of  Gas  Engineers,  Gas  Managers  and  Students.  By 
Harold  M.  Royle,  Chief  Chemical  Assistant  at  the  Beckton  Gas  Works. 
Demy  8vo,  cloth,  340  pages,  with  numerous  Illustrations  and  Coloured  Plate. 

Net  1  2/6 
preparation  of  standard  solutions— analysis  of  goals— description  of 
Various  types  of  furnaces— Products  of  Carbonisation  at  various  tempera- 
tures—Analysis OF  Crude  Gas— Analysis  of  Lime— analysis  of  ammoniacal 
Liquor— ANALYTICAL  Valuation  of  Oxide  of  Iron— Estimation  of  Naphthalin— 
analysis  of  fire-Bricks  and  Fire-Clay— Art  of  photometry— Carburetted 
Water  Gas— Appendix  containing  statutory  and  Official  Regulations  for 
Testing  Gas,  Valuable  Excerpts  from  various  important  papers  o.v  Gas 
Chemistry,  Useful  tables,  memoranda,  etc. 

GAS  WORKS.  Their  Construction  and  Arrangement,  and  the 
Manufacture  and  Distribution  of  Coal  Gas.  By  S.  Hughes,  C.E.  Ninth 
Edition.     Revised  by  H.  O'Connor,  A. M.Inst. C.E.    Crown  8vo        .    6/0 

GOLD  WORKING.    JEWELLER'S  ASSISTANT  for  Masters 

and  Workmen,  Compiled  from  the  Experience  of  Thirty  Years'  Workshop 
Practice.     By  G.  E.  Gee.    Crown  8vo 7/6 

GOLDSMITH'S  HANDBOOK.  Alloying,  Melting,  Reducing, 
Colouring,  Collecting,  and  Refining.  Manipulation,  Recovery  of  Waste, 
Chemical  and  Physical  Properties;  Solders,  Enamels,  and  other  useful 
Rules  and  Recipes,  &c.  By  G.  E.  Gee,  Sixth  Edition.  Crown  8vo, 
cloth 3/0 

GOLDSMITH'S     AND     SILVERSMITH'S     COMPLETE 

HANDBOOK.    By  G.  E.  Gee.    Crown  8vo,  half  bound    .  .     7/0 

HALL-MARKING  OF  JEWELLERY.  Comprising  an 
account  of  all  the  different  Assay  Towns  of  the  United  Kingdom,  with 
the  Stamps  at  present  employed ;  also  the  Laws  relating  to  the  Standards 
and  Hall-marks  at  the  various  Assay  OfBces.    By  G.  E.  Gee.    Crown  8vo 

3/0 

HANDYBOOKS    FOR   HANDICRAFTS.     By  Paul  N.  Has- 

luck.     See  page  16. 

HOROLOGY,  MODERN,   IN  THEORY   AND   PRACTICE. 

Translated  from  the  French  of  Claudius  Saunibr,  ex-Director  of  the  School 
of  Horology  at  Macon,  by  Julikn  Tripplin,  F.R.A.S.,  Besan9on  Watch 
Manufacturer,  and  Edward  Rigg,  M.A.,  Assayer  in  the  Royal  Mint.  With 
Seventy-eight  Woodcuts  and  Twenty-two  Coloured  Copper  Plates.  Second 
Edition.     Super-royal  8vo,  cloth        .  £2  2s.  ;  half-calf,  £2  1  Os. 

"  There  Is  no  horologlcal  work  In  the  Eng^lish  lan^ag^e  at  all  to  be  compared  to  this  produc- 
tion of  M.  Saunler's  for  clearness  and  completeness.  It  Is  alike  sood  as  a  ifuide  for  the  student  and 
as  a  reference  for  the  experienced  horologist  and  skilled  workman." — Horotogical  Jouinal. 

ILLUMINATING   AND  MISSAL  PAINTING   ON   PAPER 

AND  VELLUM.  A  Practical  Treatise  on  Manuscript  Work,  Testimonials, 
and  Heiald  Painting,  with  Chapters  on  Lettering  and  Writing,  and  on  .vlediaval 
Burnished  Gold.  With  two  Coloured  Plates._  By  Philip  WHiTHARD(First;class 
Diploma  for  Illumination  and  Herald  Painting,  Printing  Trades  iSxhibition, 
1906).     New  and  Cheaper  Edition.     156  pages.     Crown  8vo,  sewed. 

[Just  Published.    Net  1/6 
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INDUSTRIAL  AND  MANUFACTURING  CHEMISTRY. 

[Sec  pa^c  4. 

INTEREST    CALCULATOR.     Containing  Tables  at   i.  i^.  2, 

2^.  3>.3i>  3?!  4>  ^\<  44.  and  5  per  cent.  By  A.  M.  Campbei.i.  Author  of"  The 
Concise  Calendar."     Crown  8vo,  cloth A'«<  2/6 

IRON     AND      METAL     TRADES'      COMPANION.       For 

Expeditiously  ascertaining  the  Value  of  any  Goods  bought  or  sold  by 
Weight,  from  is.  per  cwt.  to  wis,  percwt.,  and  from  one  farthing  per  pound 
to  one  shilling  per  pound.  By  Thomas  Downie.  Strongly  bound  in 
leather,  396  pp g/O 

"  A  most  useful  set  of  tables.    Nothing  like  them  before  existed."— /!iii'Mi!i£-  A'ru'S. 

IRON-PLATE   WEIGHT   TABLES.     For  Iron  Shipbuilders. 

Engineers  and  Iron  Merchants.  Containing  the  Calculated  Weights  of 
upwards  of  150,000  different  sizes  of  Iron  Plates,  from  i  ft.  by  6  ins.  by 
J  in.  to  10  ft.  by  5  ft.  by  i  in.  Worked  out  on  the  basis  of  40  lbs.  to  the 
square  foot  of  iron  of  i  in.  in  thickness.  By  H.  Ruri.inson  and  W.  H. 
Simpson.    410,  half  bound £1  Ss, 

LABOUR  CONTRACTS.     A  Popular  Handbook  on  the  Law  of 

Contracts  or  Works  and  Services.  By  David  Gibbons.  Fourth  Edition,  with 
Appendix  of  Statutes  by  T.  F.  Uttlev,  Solicitor.     F'cap.  8vo,  cloth      .    S/6 

LAUNDRY  MANAGEMENT.  A  Handbook  for  use  in  Private 
and  Public  Laundries.    Cr.  Svo,  cloth 2/0 

LAW     FOR     MANUFACTURERS,     EMPLOYERS    AND 

OTHERS,  ETC.  See  "Every  Man's  Own  Lawyer."  A  Handy-book  of 
the  Principles  of  Law  and  Equity.  By  a  Barrister.  Forty-ninth  (1912) 
Edition,  including  the  Legislation  of  1911.  850  pp.  Large  crown  Svo, 
cloth [Published  annually.    Net  6/8 

SUMMARY  ;OF  CONTENTS:  LANDLORD  AND  TENANT  —  VENDORS  AND  PUR- 
CHASERS—CONTRACTS AND  AGRBEMKNTS— CONVEYANCHS  AND  MORTGAGES— JOINT- 
STOCK  COMPANIES— Partnership-Shipping  Law— Dealings  with  Money- Surbty- 
SHiP— Cheques,  bills  and  Notes- Bills  op  sale— bankruptcy— Masters,  Ser- 
vants AND  Workmen— INSURANCE :  Life.  Accident,  etc.- Copyright,  Patents, 
Trade  marks— husband  and  Wife,  Divorce- Infancy,  Custody  of  Children 
—Trustees  and  executors— Taxes  and  death  duti«s— clergymen,  Doctors, 
and  Lawyers- Parliamentary  Elbctio.vs— Local  Government— Libel  and 
Slander— Nuisances— Criminal  Law— game  Laws,  Gaming,  innkeepers— forms 
OP  Wills   Agreements,  .notices.  Old  Ace  Pensions  and  National  insurance. 

**  A  useful  and  concise  epitome  of  the  law." — La7i'  Magazine. 

"  A  complete  digest  of  the  most  useful  facts  which  constitute  Eng:llsh  \xm,"—Globt. 

"  A  dictionary  of  legal  facts  well  put  together.    The  book  ts  a  very  ustful  one."— ^^MSv^or, 

LEATHER  MANUFACTURE.  A  Practical  Handbook  of  Tan- 
ning, Currying,  and  Chrome  Leather  Dressing.  By  A.  Watt.  Fifth  Edition, 
Revised  and   Enlarged.    8vo,  cloth Net  1  2/6 

Chemical  Theory  of  the  Tanning  Process— The  Skin— Hides  and  Skins- 
Tannin  OR  Tannic  acid— gallic  acid— gallic  fekme.ntation— Tanning  Materials 
—Estimation  of  Tannin— preliminary  operations  — Deph.ation  or  Unhairing 
Skins  and  Hides  — Deliming  or  Bating— Tanning  butts  for  sole  Leather  — 
Tannin(;  PRoCESsiis— Tanning  by  Pressure— quick  Tanning— Harness  Leather 
Tanning  — AMERICAN  tanning  — hemlock  Tanning  — tanni.vg  by  Electricity- 
Chemical  Tanning  — Miscellaneous  processes  — Cost  of  American  Tanning- 
Manufacture  of  Light  leathers— Dyeing  Leather— Manufacture  of  white 
Leather— Chrome  Leather  manufacture— Box  Calf  Manufacture— Chamois 
OR  Oil  Leather  Manufacture— Currying— Machinery  E.mployed  in  Leather 
manufacture— Embossing  Leather— fellmongering— Parchment,  Vellum,  and 
Shagree.n- gut  Dressing— glue  Boiling— Utilisation  op  Tanner's  waste. 

"  A  sound,  comprebenslve  treatise  on  tanning  and  its  «ccessories."— CA^WK-a/  Review. 


lo         CROSBY  LOCKWOOD  &■  SON'S  CATALOGUE. 
LEATHER    MANUFACTURE.     PRACTICAL  TANNINQ : 

A  Handbook  of  Modern  Processes,  Receipts  and  Suggestions  for  the 
Treatment  of  Hides,  Skins,  and  Pelts  of  every  description,  including 
various  Patents  relating  to  Tanning,  with  specifications.  By  Louis  A. 
Flemming,  American  Tanner.  Second  Edition,  in  great  part  re-written, 
thoroughly  revised,  and  much  enlarged.  Illustrated  by  six  full-page  Plates. 
Medium  8vo,  cloth,  630  pages Net  28/0 

MAGNETOS  FOR  AUTOMOBILISTS,  HOW  MADE  AND 

MOW  USED.  A  Handbook  of  Practical  Instruction  in  the  Manufacture 
and  Adaptation  of  the  Magneto  to  the  needs  of  the  Motorist.  By  S.  R. 
BoTTOKE,  late  of  the  Collegio  del  Carmine,  Turin,  Author  of  "The 
Dynamo,"  "Ignition  Devices,"  &c.  Second  Edition,  enlarged.  With 
52  Illustrations.    Crown  8vo,  cloth Net  2/0 

MARBLE   AND    MARBLE   WORKING.      A   Handbook  for 

Architects,  Sculptors,  Marble  Quarry  Owners  and  Workers,  and  all  engaged 
in  the  Building  and  Decorative  Industries.  Containing  numerous  Illustrations 
and  thirteen  Coloured  Plates.  By  W.  G.  Renwick,  Author  of  "The  Marble 
Industry,"     "The    Working    of    Marble    for    Decorative    Purposes,"    etc. 

240  pages.     Medium  8vo,  cloth 1  5/0 

TheChemistry  of  Marble— Its  Geological  Formation— a  short  Classifica- 
tion OF  Marbles— Antiquity  of  the  Marble  Industry— Ancient  Quarries  and 
Methods  of  Working— Modern  Quarries  and  Quarrying  Methods— Machinery 
USED  in  Quarrying — Eurofea.n  and  American  Systems  compared— Marble  as 
Building  Material- Uses  of  Marble  other  than  for  building  Purposes- 
Sources  of  PRODUCTIO.N:  ITALIAN,  FRENCH,    BELGIAN,    AND   GREEK    MARBLES,  ETC. 

—Marbles  OF  THE  United  KiN<;Do.\t  and  British  Colonies— Continental  Marble 
Working— MARBLE  Working  Machinery— Marble  working  in  the  United  States 
—American  Machinery  DKrtuiir.D  and  Co.mpared— Marble  Working:  A  British 
industry— Marble  substix'  .  es  and  Imitations— Practical  Points  for  the  Con- 
sideration OF  Architects-  '.  ints  on  the  Selection  of  M\rble—Listof  Marbles 
IN  Ordinary  Use,  with  desck  iI'tive  Notes  and  Instances  of  their  Application. 

MENSURATION    AND    QAUQINQ.      A    POCKET-BOOK 

containing  Tables,  Rules,  and  Memoranda  for  Revenue  Officers,  Brewers, 
Spirit  Merchants,  &c.    By  J.  B.  Mant.    Second  Edition.    i8mo,  leather. 

4/0 

METRIC  TABLES,   A  SERIES   OF.      In  which  the  British 

Standard  Measures  and  Weights  are  compared  with  those  of  the  Metric 

System  at  present  in  Use  on  the  Continent.     By  C.  H.  Dowling,  C.E. 

Svo,  cloth 1  0/6 

METROLOGY,    MODERN.     A  Manual  of  the  Metrical  Units 

and  Systems  of  the  present  Century.  With  an  Appendix  containing  a  pro- 
posed English  System.  By  Lowis  d'A.  Jackson,  A.M. Inst. C.E.,  Author 
of  "Aid  to  Survey  Practice,"  etc.     Large  crown  Svo,  cloth  .        .        .     12/6 

MOTOR    CAR    (THE  MODERN),    ITS    MANAGEMENT, 

MECHANISM,  AND  MAINTENANCE.  A  Practical  Handbook  for  the 
Use  of  Owners  and  Drivers.  By  W.  Galloway  Duncan,  M.I.M.E., 
M.I.A.E.,  Lecturer  on  Automobile  Engineering,  Willesden  Polytechnic;  Late 
Principal  of  H.M.  Government  School  of  Engineering,  Dacca,  India.  120 
pages,  with  illustrations.    Crown  Svo,  cloth.      .    [Just  Published.    Net  2/6 

MOTOR  CAR  CATECHISM.  Containing  about  320  Questions 
and  Answers  Explaining  the  Construction  and  Working  of  a  Modern  Motor 
Car.  For  the  Use  of  Owners,  Drivers,  and  Students.  By  John  Henry 
Knight.  Third  Edition,  revised,  with  an  additional  chapter  on  Motor 
Cycles.   Crown  Svo,  with  Illustrations    .         .        {Jvsi  Published.    Net  1  /6 

MOTOR    CAR    CONSTRUCTION.      A  Practical   Manual  for 

Engineers,  Students,  and  Motor  Car  Owners,  with  Notes  on  Wind  Resistance 
and  Body  Design.  By  R.  W.  A.  Brewer,  Fellow  of  the  Society  of  Engineers 
(Gold  Medallist  and  Bessemer  Prizeman),  Assoc.  M.  Inst.  C.E.,  M.l.Mech.E., 
M. I. A. E.,  Author  of  "The  Art  of  Aviation."  250  pp.,  with  numerous  Illus. 
and  dimensioned  Drawings.    Demy  Svo,  cloth       !/»«'  Published,    Net  5/0 
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MOTOR  CARS  FOR  COMMON  ROADS.     By  A.  J.  Wallis- 

Tavlbr,    A.M.Inst.C.£.     212   pp.,  with  76  Illustrations.       Crown  8vo. 

4/6 
MOTOR    CARS:    THE    GASOLINE    AUTOMOBILE.        A 

Practical  Discussion  of  the  Development  and  Present  Status  of  the  Automohile. 
Hy  Victor  Loughekd,  Consulting  Engineer ;  Founder  Memher,  Society  of 
Automobile  Engineers  ;  Member,  The  Aeronautical  Society ;  and  Morris  A. 
Hall,  Editor  of  "The  Commercial  Vehicle,"  American  Society  of  Mechanical 
Engineers.    3 iS  pp.,  piofusely  Illustrated.     Royal  8vo,  cloth. 

Just  Punished.     Net  8/6 

MOTOR    VEHICLES    FOR    BUSINESS    PURPOSES.      A 

Practical  Handbook  for  those  interested  in  the  Transport  of  Passengers 
and  Goods.  By  A.  J.  Wallis-Tayler,  A.M.Inst.C.E.  With  134  Illustra- 
tions.    Demy  8vo,  cloth Net  9/0 

OILS    AND    ALLIED    SUBSTANCES.     AN    ANALYSIS. 

By  A.  C.  Wright,  M.A.Oxon.,  B.Sc.Lond.,  formerly  Assistant  Lecturer  in 
Chemistry  at  the  Yorkshire  College,  Leeds,  and  Lecturer  in  Chemistry  at  the 
Hull  Technical  School.     Demy  8vo,  cloth Ntt  9/0 

THEOCCCRRENCF.  AND  COIII'OSITIOX  OF  OILS,  FATS,  AND  WAXF.S— THE  PHYSICAL 

Proprrtibsof  Oils,  Fais,  a.nu  WA,\;iis,  and  tiifik  Df.termination— The  Chemical 
Prophrties  of  Oils,  Fats,  and  W'a.xhs  from  the  Analytical  Standpoint- 
Detection  AND  Determination  of  Non-Fatty  Consittuents  — Methods  for 
E.sriMATiNr.  the  Constituents  of  oils  and  Fats— Description  and  Properties  of 
the  moke  Important  Oils,  Fats,  and  Waxes,  with  the  methods  for  their 
Investigation— h.xami.vation  of  Certain  Com.mercial  Products. 

ORGAN  BUILDING  (PRACTICAL).  By  W.  E.  Dickson, 
M.A.,  Precentor  of  Ely  Cathedral.    Second  Edition,  Crown  8vo       .    2/6 

PAINTS,  MIXED.  THEIR  CHEMISTRY  AND  TECH- 
NOLOGY. By  Maximilian  Toch.  With  60  Photomlcrographic  Plates 
and  other  Illustrations A^«'12/6 

THE  Pigments- YELLOW,  Blue,  and  Green  Pigments- The  Inert  Fillers  and 
Extenders— Paint  Vehicles— Special  Paints— Analytical— Appendi.x. 

PAINTING    FOR    THE    IMITATION    OF    WOODS    AND 

MARBLBS.  As  Taught  and  Practised  by  A.  R.  Van  der  Burg  and 
P.  Van  der  Burg,  Directors  of  the  Rotterdam  Painting  Institution.  Royal 
folio,  cloth,  18J  by  i2j  in.  Illustrated  with  24  full-size  Coloured  Plates;  also 
12  Plain  Plates,  comprising  154  Figures.    Fifth  Edition    .       .        Net  25/0 

PAINTING,      GRAINING,      MARBLING,      AND      SIGN 

WRITINQ.     With  a  Course  of  Elementary  Drawing  and  a  Collection  of 

Useful  Receipts.    By  E.  A.  Davidson.     Ninth  Edition.    Coloured  Plates. 

Crown  Bvo,  cloth,  5/0  '>  cloth  boards,  6/0 

PAPER-MAKING.      A  Practical  Manual  for  Paper  Makers  and 

Owners  and  Managers  of  Paper-Mills.  With  Tables,  Calculations,  etc.  By 
G.  Clappkrton,  Paper-Maker.  With  Illustrations  of  Fibres  from  Micro- 
Photographs.     Second  edition,  revised  and  enlarged.    Crown  8vo,  cloth 

Net  6/0 

Chemical  and  Physical  Characteristics  of  Varioi'S  Fibres— Cuiting  and 
Boiling  of  Rags  — Jute  uou.iNf;  and  bleaching— Wet  Picking— washing. 
Breaking,  and  bleaching  — Electrolytic  bleaching- Antichlor  — Cellulose 
FROM  Wood— Mechanical  Wood  Pulp— Esparto  and  straw— Beating— Loading — 
Starching  — Colouring  matter  — resin,  size,  and  sizing  — the  Fourdrinier 
Machine  and  its  Management— Animal  sizing— Drying— Glazing  and  Burnishing 
—Cutting,  Finishing  — microscopical  examination  of  Paper  — tests  for  In- 
gredients OF  Paper— RECOVERY  of  Soda— testing  of  Chemicals— Testing  Water 
for  Impurities. 

PAPER-MAKING.     A  Practical  Handbook  of  the  Manufacture 

of  Paper  from  Rags,  Esparto,  Straw,  and  other  Fibrous  Materials.  Including 
the  Manufacture  of  Pulp  from  Wood  Fibre,  with  a  Description  of  the 
Machinery  and  Appliances  used.  To  which  arc  added  Details  of  Processes  for 
Recovering  Soda  from  Waste  Liquors.  By  A.  Watt.  With  Illustrations. 
Crown  8vo •        7/8 
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PAPER  MAKING,  CHAPTERS  ON.  A  Series  of  Volumes 
dealinR  in  a  practical  manner  with  all  the  leading  questions  in  connection 
with  the  Chemistry  of  Paper-Making  and  the  Manufacture  of  Paper.  By 
Clayton  Beadle,  Lecturer  on  Paper-Making  before  the  Society  of 
Arts,  1898  and  1902,  and  at  the  Battersea  Polytechnic  Institute,  1902, 
etc.,  etc.  Each  volume  is  published  separately,  at  the  price  of  5/O  "'^ 
per  vol. 

Volume  I.  comprises  a  Series  of  Lectures  delivered  on  behalf  of 
the  Battersea  Polytechnic   Institute  in   1902.     Crown  8vo.     151   np. 

Volume  II.  comprises  Answers  to  Questions  on  Paper-Making 
Set  by  the  Examiners  to  the  City  and  Guilds  of  London  Institute, 
1901-1903.    Orown  8vo,  182  pp. Net  5/O 

Volume  III.  comprises  a  short  practical  Treatise  in  which  Boiling, 
Bleaching,  Loading,  Colouring,  and  similar  Questions  are  discussed. 
Crown  8vo,  142  pp Net  6/0 

CONTENTS  :—"  BRASS"  AND  "STEF.L"  BHATER  BARS— THF.  SIZE  AND  SPEED  OF 
BEATER  ROLLS— The  FADING  ^)F  PRUSSIAN  BLUE  PAPERS— THE  EFFECT  OF  LoWERINC; 
THE  BREAST  RoLL-THE  EFFECT  OF  "LOADING"  ON  THE  TRANSPARENCY  OF  PAPER 
— "  TERRA  ALBA"  AS  A  EoADING  FOR  PAPER--THE  USE  OF  ALUM  IN  TUB  SIZING— THE 
INFLUENCE  OF  TEMPERATURE  ON  BLEACHING— THE  USE  OF  REFINING  E.VGINF.S— 
AGITATION  AS  AN  AUXILIARY  TO  BLEACHING— THE  HEATING  OF  "  STUFF"  FOR  THE 
PAPER  MACHINE— THE  COMPARATIVE  RESULTS  OF  QUADRUPLE  AND  OPEN  EFFEC  r 
EVAPORATION— How  TO  PREVENT  ELECTRIFICATION  OF  PAPER  ON  THE  MACHINE- 
TRANSPARENCY   OF    PAPERS- THE   "LIFE"    OF    MACHINE   WIRES— EDGE    RUNNERS, 

Volume  IV.  contains  discussions  upon  Water  Supplies  and  the 
Management  of  the  Paper  Machine  and  its  influence  upon  the  Qualities 
of  Papers.    Crown  8vo,  164  pp /^ei  5/0 

CONTENTS:— THE  BULKING  OF  PAPERS— SPECIAL  QUALITIES  OF  "ART"  PAPERS 
—The  "AGEING"  AND  STORAGE  OF  PAPERS — THE  USE  OF  LIME  IN  BOILING— CONTROL- 
LING THE  MARK  OF  THE  "Dandy"— "MACHINE"  and  "Hand"  Cut  Rags— Froth  cjn 
Paper  MACHINE— SCUM  spots  in  paper— Consumption  of  Water  in  the  manufac- 
ture of  Paper— The  Management  of  Suction-boxes— The  Shrinkage  of  Paper 
ON  THE  Machine— paper  that  does  not  shrink  or  Expand— the  Production  of 
Non-Stretchable  Paper— the  Connection  between  "  Stretch  "  and  "  Expansio.n  " 
of  Papers— "Stretch  "  and  "  Breaking  strain"— paper  testing  machines. 

Volume  V.  concerning  The  Theory  and  Practice  of  Beating. 
Crown  8vo,    With  photomicrographs  and  other  Illustrations. 

Nei  6/0 
CONTENTS;— Early  Beating  Appliances— The  Hollander— The  Economy 
OF  Beating— Difficulties  of  arriving  at  Definite  Results— Behaviour  of 
different  Fibres— "Refining"-Power  Consumption— A  Comparison  of  two 
different  kinds  of  Beaters— Power  consumed  in  the  "Breaking," "Beating," 
and  "refining"  of  different  materials— dealing  with  the  "circulation" 
and  "agitation"  in  a  hollander— comparisons  of  large  and  medium-sized 
hollanders  when  beating  "hard"  and  "soft"  stock— trials  to  determine 

THE  RELATIVE  MERITS  OF  STONE  AND  METAL  BEATER-BARS— TRIALS  WITH  BREAKERS, 
REED  BEATERS,  AND  KiNGSI.AND  REFINERS— A  SYSTEM  OF  BEATI.NG  COMBINED  WITH 
A  SYSTEM  FOR  CONTINUOUS  BLEACHING— BEATERS  AND  REFINERS— POWER  CONSUMED 
IN  GRINDING  WOOD-PULP— THE  REDUCTION  IN  LENGTH  OF  FIBRES  AT  DIFFERENT 
STAGES  OF  BEATING— METHOD  FOR   DETERMINING  THE  "  WETNESS"  OF  BEATEN  STL'FF 

—THE  Position  of  Beaters  in  Old  and  Modern  paper-M  ills— Appendix. 

PASTRYCOOK    AND    CONFECTIONER'S   GUIDE.      For 

Hotels,  Restaurants,  and  the  Trade  in  general,  adapted  also  for  Family 
Use.    By  R.  Wells,  Author  of  "  The  Bread  and  Biscuit  Baker." 

Sewed  1/0  ;  cloth  boards  2/0 

PETROL  AIR  GAS.     A  Practical  Handbook  on  the  Installation 

and  Working  of  Air  Cos  Lighting  Systems  for  Country  Houses.  By  Henry 
O'Connor,  F.R.S.E.,  A.M.Inst.C.E.,  &c.,  author  of  "  The  Gas  Engineer's 
Pocket  Book."  Second  Edition  Revised.  100  pages  with  illustrations. 
Crown  8vo,  cloth [Just  Published.    Net  "i/Q 
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PETROLEUM.      THE    OIL   FIELDS    OF   RUSSIA    AND 

THE  RUSSIAN  PETROLEUM  INDUSTRY.  A  Practical  Hand- 
book  on  the  Exploration,  Exploitation,  and  Management  of  Russian  Oil 
Properties,  the  Origin  of  Petroleum  in  Russia,  the  Theory  and  Practice 
of  Liquid  Fuel.  By  A.  B.  Thompson,  A.M.LM.E.,  F.G.S.  415  pp.,  with 
numerous  Illustrations  and  Photographic  Plates.  Second  Edition  Revised. 
Super-royal  8vo,  cloth JVet  21  /O 

PETROLEUM  MINING  AND  OIL-FIELD  DEVELOP- 
MENT. A  Guide  to  the  Exploration  of  Petroleum  Lands,  and  a  Study  of 
the  Engineering  Problems  connected  with  the  Winning  of  Petroleum. 
Including  Statistical  Data  of  important  Oil  Fields.  Notes  on  the  Origin 
and  Distribution  of  Petroleum,  and  a  description  of  the  Methods  of 
Utilizing  Oil  and  Gas  Fuels.  By  A.  Beeby  Thompson,  A.M.I.Mech.E., 
F.G.S.  Author  of  "The  Oil  Fields  of  Russia."  384  pages,  114  illus- 
trations, including  22  full-page  plates.  Demy  8vo,  cloth.  Net  "1  5/O 
"  It  is  an  admirable  text-book  by  a  competent  authority   on   an   interesting  subject."— 

"  Tlie  present  effort  is  likely  to  receive  a  warm  welcome  in  engineering  circles,  and  it  can  be 
cordially  commended  for  perusal.  It  will  doubtless  have  that  large  sale  to  which  its  merits  entitle 
W—Minin;^  World. 

"  The  general  aspects  of  the  Petroleum  Industry  are  fully  and  ably  laid  out." — Engin<er, 

PIGMENTS,  ARTISTS'  MANUAL  OF.    Showing  their  Com- 

position.  Conditions  of  Permanency,  Non-Permainency,  and  Adulterations,  etc., 
with  Tests  of  Purity.  By  H.  C.  Standagb.  Third  Edition.  Crown 
8vo,  cloth 2/6 

PORTLAND  CEMENT,  THE  MODERN  MANUFACTURE 

OF.    A  Handbook  for  Manufacturers,  Users,  and  all  interested  in  Portland 
Cement.     By  PiiKCV  C.   H.  West,  Fellow  of  the  Chemical  Society  and  of 
the   Society  of  Chemical   Industry.      Vol.   I. — Machinery  and   Kilns.      280 
pages,  with  159  Illustrations  and  numerous  Tables.  Royal  8vo,  cloth.  Kei  1 2/6 
Mash-Mills— WE r    Eugk-Run.neks    and     Stone-Mills— wet    Ti'be-Mills— 
Other   Wet   mills  and  Accessory   Plant— wet   Process— Ckushbrs—Dkiers— 
Millstones.    Edge-Kunneks,    Disintegrators,    &c.— ball-Mills— Centrifugal 
Roll  -  Mills— Tube- Mills— Conveyors    and    Elevators— Dust    Collectors- 
weighing     Machines— Separators     and    Automatic    Feeders- Pressing    and 
Drying  Bkiquettes— Shaet  and  other  Stationary  Kilns— Rotary  Kilns— Coal 
Drying  and  Grinding — Storing  and  Grinding  the  Clinker— Wj^rkhousing  and 
Packing  the  Cemen  t- Descriptions  ov  Some  Modern  Cement  Plan  is. 

PRODUCER    GAS    PRACTICE    (AMERICAN)    AND 

INDUSTRIAL  QA5  ENGINEERING.  By  Nisbet  Latta, 
M.Amer.Soc.M.E.,   M.Amer.Gas  Inst.    558  pages,  with  247  illustrations. 

Demy  4to,  cloth  I Ntt  25/- 

Producer  operatio.m— Cleaning  the  Gas— Works  Details— Pkoducer  Types 
—Moving  Gasks— Solid  Fuels— Physical  properties  of  Gases— Chemical  pro- 
perties OF  Gases— GAS  Analysis— Gas  Power— Gas  engines— Industrial  Gas 
Applications- Furnaces  and  kilns— Burning  Lime  and  cement— Pre-heating 
Air— Doherty  Combustion  Economiser  — Combustion  in  Furnaces— heat: 
Temperature.  Radiation  and  Conduction— Heat  measurements  :  Pvromriry 
and  calorimetry— Pipes,  Flues,  and  Chi.mnevs— Materials  :  Fire  clay 
JIasonry,  Weigh  16  and  rope— Useful  Tables— Oil  F'uel  Producer  Gas. 

RECIPES,  FORMULAS  AND  PROCESSES,  TWEN- 
TIETH CENTURY  BOOK  OF.  Edited  by  Gardner  D.  Hiscox,  M.E. 
Nearly  10,000  Scientific,  Chemical,  Technical,  and  Household  Recipes, 
Formulas  and  Processes  for  Use  in  the  Laboratory  and  the  Office,  the 
Workshop  and  the  Home.  Medium  8vo,  800  pp.,  cloth.  .  Ntt  12/6 
Selected    List    of     Contents:— Absinthe— Acid    Proofing— Adhesives— 

.\lcohoi Alkali  —Alloys  — Aluminium  — Am.monia— aniline  — antidotes  for 

Poison— Anchovy  Preparations— Antiseptics  — Antihues- Baking  Powders- 
Barometers— Beverages— bleaching— Brass— Brick— Carbolic   acids— Casting 

—  Celluloid—  Cheese  —  Ceramics  —  Cigars  —  Coffee  —  Condime.vts  —  Copper  — 
Cosmetics—  Cotton  —  Diamond  Tests  — Donarite— Dyes— Electro  Plating  — 
Embalmlvg-Enamelli.ng-E.ngraving-Esse.n'ces- Explosives  — Fertilisers- 
Filters  —  Food  Adulterants— Gelatine— Glass— Gold— Gu.ms— Harness  Dress- 
ings—Horn— Inks— Insecticides— I  ro.n— Ivory— Jewellers'  Formulas— Lacquers 
—Laundry  Preparations— Lf.ather— Linoleum— Lubricants— Matches— Metals 
—Music  boxes- Oils— paints  — paper— perfumes— petroleum— Photography- 
plaster  —  Plating  —  Polishes  —  Porcelain  —  poultry  —  Putty—  Rat  Poisons- 
Refrigeration  —  ROPES  —  RUBBER  —  Rust  Preventives— Salt— Screws—  Silk— 
SILVER  — Soaps  — Solders— Spirit— Sponges— Steel— Stone— THERMO.METERS— Tin 

—  Valves  —  Varnishes  —  Veterinary  Formulas  —  Watchmakers'  Formulas  — 
Waterproofing— Wax— Weights  and  measures—Whitewash— Wood— Yeast. 
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RUBBER   HAND  STAMPS.    And  the  Manipulation  of  Rubber. 

A  Practical  Treatise  on  the  Manufacture  of  Indiariibber  Hand  Stamps,  Small 
Articles  of  Indiarubber,  The  Hektograph,  Special  Inks,  Cements,  and  Allied 
Subjects.  By  T.  O'Conor  Sloane,  A.M.,  Ph.D.  With  numerous  Illustra- 
tions.    Square  8vo,  cloth 6/0 

RUBBER.      1T5    CULTIVATION    AND    PREPARATION. 

By  W.  H.  Johnson,  F.L.S.,  Director  of  Agriculture,  S.  Nigeria,  West 
Africa,  Commissioned  by  Government  in  1902  to  visit  Ceylon  to  Study  the 
Methods  employed  there  in  the  Cultivation  and  Preparation  of  Para  Rubber 
and  other  Agricultural  St.iples  for  Market,  with  a  view  to  Introduce  them  into 
West  Africa.     Second  Edition,  rewritten  and  greatly  enlarged,  with  numerous 

illustrations.     Demy  8vo,  cloth AW     7/6 

The  World's  Production  and  Consumption  of  Rubhkr— The  Par*  Rubber 
Tree  at  Home  and  Abroad  — propagation— Pi.antinc;  and  Cultivating— Soils 
AND  Manures— Pests— LATEX— COLLECTING  the  Latex- Kuhbrr  Manufacture— 
The  Antiskpticisation  of  Rukhbr— Drying  and  packing  Rubber  for  }-;xport— 
Yield  ok  Para  Rubber  from  Cultivated  Trees— Establishment  and  Main- 
tenance OF  a  Para  Rubber  plantation— Commercial  Value  of  the  Oil  in 
Hevea  Seeds. 

RUBBER    PLANTER'S    NOTE=BOOK.      A  Handy  Book  of 

Reference  on  Para  Rubber  Planting.  With  Hints  on  the  Maintenanae 
of  Health  in  the  Tropics,  and  other  general  information  of  utility  to  the  Rubber 
Planter.  Specially  designed  for  use  in  the  Field.  Compiled  from  the  most 
reliable  and  modern  sources  by  Frank  Braham,  F. R.G.S.  116  pages.  With 
diagrams  and  illustrations.  F'cap  8vo,  cloth net  2/6 

SAVOURIES  AND  SWEETS.  Suitable  for  Luncheons  and 
Dinners.  By  Miss  M.  L.  Allen  (Mrs.  A.  Macaire),  Author  of  "  Break- 
fast Dishes,"  etc.      Thirty-first  Edition.      F'cap  8vo,  sewed  .         .         .     1  /O 

Or,  quarter  bound,  fancy  boards     .         .1/6 

SHEET  METAL-WORKER'S  GUIDE.  A  Practical  Hand- 
book  for  Tinsmiths,  Coppersmiths,  Zincworkers,  &c.,  with  46  Diagrams  and 
Working  Patterns.    By  W.  J.  E.  Crane.    Crown  8vo,  Cloth       .        .1/6 

5HEET     METAL  -  WORKER'S      INSTRUCTOR.       Com- 

prising  Geometrical  Problems  and  Practical  Rules  for  Describing  the 
Various  Patterns  Required  by  Zinc,  Sheet-Iron,  Copper,  and  Tin-Plate 
Workers.  By  R.  H.  Warn.  Third  Edition.  Revised  and  Further  Enlarged 
by  J.  G.  Horner,  A.M.I.M.E.  Crown  8vo,  280  pp.,  with  465  Illustrations, 
cloth 7/6 

SILVERSMITH'S     HANDBOOK.     Alloying  and  Working  of 

Silver,  Refining  and  Melting,  Solders,  Imitation  Alloys,  Manipulation, 
Prevention  of  Waste,  Improving  and  Finishing  the  Surface  of  the  Work, 
etc.     By  George  E.  Gee.    Fourth  Edition  Revised.    Crown  8vo,  cloth 

3/0 

SOAP-MAKINQ.      A  Practical  Handbook  of  the  Manufacture 

of  Hard    and    Soft   Soaps,   Toilet   Soaps,   etc.      With    a  Chapter    on    the 

Recovery  of  Glycerine  from  Waste  Leys.     By  Alexander  Watt.    Seventh 

Edition,  including  an  Appendix  on  Modern  Candlemaking.     Crown  8vo,  cloth 

7/6 

"The  work  will  prove  very  useful,  not  merely  to  the  technological  student,  but  to  tlie 
soap  boiler  who  wishes  to  understand  the  theory  of  his  art." — Chemical  News. 

SOAPS,  CANDLES,  and  GLYCERINE.     A  Practical  Manual 

of  Modern  Methods  of  Utilisation  of  Fats  and  Oils  in  the  Manufacture  of  Soap 
and  Candles,  and  of  the  recovery  of  Glycerine.  By  L.  L.  Lam  born, 
Massachusetts    Institute  of  Technology,  M.Ain.C.S.      Medium    8vo,   cloth. 

Fully  Illustrated.     706  pages ^et  30iO 

The  Soap  Industry— Raw  Materials— bleaching  and  Purification  of  Soap- 
STOCK- The  Chemical  Characteristics  of  Soap-stock  and  their  Hehavk,ur 
towards  Saponifying  Agents— Mechanical  F.quivalent  of  the  Soap  Faciory 
—Cold  Process  and  Semi-boiled  Soap— Grained  Soap— Settled  Rosin  Soap- 
Milled  Soap-base— Floating  Soap— Shaving  Soap— Medicated  Soap— Essential 
Oils  and  Soap  Perfumery— Milled  Soap— Candles— Glycerine— Examination  of 
Raw  Materials  and  Factory  Products. 


TRADES  &■  MANUFACTURES,  INDUSTRIAL  ARTS,  6-c.  15 


SOLUBILITIES  OF  INORGANIC  AND  ORGANIC  SUB- 
STANCES. A  Hand-book  of  the  most  Reliable  Quantitative  Solubility 
Determinations.  Recalculated  and  Compiled  by  Atherton  Skidsll, 
Ph.D.,  Chemist,  Hygienic  Laboratory,  U.S.  Public  Health  Service, 
Washington,  D.C.     Second  Edition,  Revised.     Medium  8vo,  cloth,  3/'7  pages 

Net  12/6 

TEA   MACHINERY  AND   TEA    FACTORIES.      Describing 

the  Mechanical  Appliances  required  in  the  Cultivation  and  Preparation  of 
Tea  for  the  Market.  By  A.  J.  Wallis-Taylkr,  A.M.Inst.C.E.  Medium 
8vo,  468  pp.      With   218   Illustrations A'ct  25/0 

"  The  subject  of  tea  machinery  is  now  one  of  the  first  interest  to  a  large  class  of  people,  to 
whom  we  strongly  commend  the  volume."— CAa»«*«»-  e/Commerce  yoUrnal, 

UPHOLSTERING:  THE  PRACTICAL  UPHOLSTERER 

AND  CUTTER-OUT.  A  Treatise  on  Upholstery  in  all  its  Branches,  in- 
cluding the  Stuffing  and  Covering  of  various  Suites,  &c.,  the  Manufacture  of 
all  kinds  of  Bedding  and  Complete  Directions  for  Planning  Carpets,  together 
with  Instructions  for  the  Cutting-out  and  Arrangement  of  Curtains,  Valances, 
and  Decorative  Hangings,  with  Practical  Illustrations,  and  Tabular  Scale 
showing  the  Proportion  for  Cutting  130  Festoons  of  various  sizes.  By  }iicHARi> 
BiT.MEAD,  Prizeman  at  the  London  Exhibitions,  Author  of  "  Cabinet-Making  " 
and  "  French  Polishing  and  Enamelling.'"  112  pp.,  with  Illustrations.  Crown 
Svo,  cloth [Just  Puilished.    2/0 

WAGES    TABLES.     At  54.  52,  50,  and  48  Hours  per  Week. 

Showing  the  Amounts  of  Wages  from  one  quarter  of  an  hour  to  sixty-four 
hours,  in  each  case  at  Rates  of  Wages  advancing  by  One  Shilling  from  4s. 
to  55s.  per  week.  By  iThos.  Carbutt,  Accountamt.  Square  crown,  Svo 
half-bound 6/0 

WATCH    REPAIRING,   CLEANING,    AND  ADJUSTING. 

A  Practical  Handbook  dealing  with  the  Materials  and  Tools  Used,  and  the 
Methods  of  Repairing,  Cleaning,  Altering,  and  Adjusting  all  kinds  of  English 
and  Foreign  Watches,  Repeaters,  Chronographs,  and  Marine  Chronometers. 
By  F.  J.  Garrard,  Springer  and  Adjuster  of  Marine  Chronometers  and  Deck 
Watches  for  the  Admiralty.  Second  Edition.  Revised.  With  over  200 
Illustrations.    Crown  Svo,  cloth        .......    Net  4/6 

WATCHMAKER'S     HANDBOOK.     Intended  as  a  Workshop 

Compjmion  for  those  engaged  in  Watchmaking  and  the  Allied  Mechanical 
Arts.  Translated  from  the  French  of  Claudius  Saunier,  and  enlarged  by 
JuLiEN  Tripplin,  F.R.A.S.,  and  Edward  Rigg,  M.A.,  Assayer  in  the  Royal 
Mint.     Fourth  Edition.    Cr.  Svo,  cloth 9/0 

"  Each  part  is  truly  a  treatise  in  itself.    The  arrangement  is  good  and  the  language  is  clear 
and  concise.    It  is  an  admirable  guide  for  the  young  watchmaker."— fn^in^frtrff. 

WEIGHT  CALCULATOR.  Being  a  Series  of  Tables  upon 
a  New  and  Comprehensive  Plan,  exhibiting  at  one  Reference  the  Exact 
Value  of  any  Weight  from  i  lb.  to  15  tons,  at  300  Progressive  Rates,  from 
id.  to  i68s.  per  cwt.,  and  containing  186,000  Direct  Answers,  which,  with 
their  Combinations,  consisting  of  a  single  addition  (mostly  to  be  performed 
at  sight),  will  afford  an  aggregate  of  10,266,000  Answers;  the  whole  being 
calculated  and  designed  to  ensure  correctness  and  promote  despatch.  By 
Henry  Harben,  Accountant.  Sixth  edition,  carefully  corrected.  Royal 
Svo,  strongly  half  bound £1   6s. 

"  A  practical  and  useful  work  of  reference  for  men  of  business  generally."— /»-»H>«ff»v?r. 

"Of  priceless  value  to  business  mta.'—S/ieffi(M  Indtpettdeut. 

WOOD  ENGRAVING.  A  Practical  and  Easy  Introduction  to 
the  Study  of  the  Art.    By  W.  N.  Brown.    Crown  Svo,  cloth.       .     1/6 


i6  INDUSTRIAL  AND    USEFUL  ARTS. 


HANDYB00K8  FOR  HANDICRAFTS. 

BY  PAUL  N.  HASLUCK. 

Author  of  "  Lathe  Work,"  etc.     Crown  8vo,  144  pp.,  price  is.  each. 

^STThtst  Handybooks  have  been  written  to  supply  information  /oryfottKMts , 
Students,  and  Amateurs  in  the  several  Handicrafts,  on  the  actual  Practice  of 
the  Workshop,  and  are  intended  to  convey  in  plain  language  Technical  Know- 
ledge of  the  several  Crafts.  In  describing  the  processes  employed,  and  the  manipu- 
lation of  material,  workshop  terms  are  used ;  workshop  practice  is  fully  explained  ; 
and  the  text  is  freely  illustrated  with  drawings  of  modern  tools,  appliances,  and 
processes, 


METAL    TURNER'S    HANDYBOOK.     A    Practical    Manual 

for  Workers  at  the  Foot-Lathe.    With  100  Illnstrations  .         .        .        -I/O 

"  The  book  displays  thorough  knowledge  of  the  subject.'Scctsman. 

WOOD  TURNER'S  HANDYBOOK.     A  Practical  Manual  for 

Workers  at  the  Lathe.    With  ico  Illustrations 1/0 

"  We  recommend  the  book  to  young  turners  and  amateurs."— ^WwAarttta/  IVorld, 

WATCH    JOBBER'5    HANDYBOOK.      A  Practical    Manual 

of  Cleaning,  Repairing,  and  Adjnsting.  With  100  Illustrations        .        -1/0 

"  All  connected  with  tlie  trade  sliould  acquire  and  btudy  this  work."— Cierienwell  Chronicle. 

PATTERN    MAKER'S    HANDYBOOK.     A  Practical  Manual 

on  the   Construction  of  Patterns.     With  100  Illustrations      .        .        '1/0 
"A  most  valuable,  If  not  indispensable,  manual  for  the  pattern-maker."— Ar»ez«<&<<^«. 

MECHANIC'S    WORKSHOP    HANDYBOOK.      A    Practical 

Manual  on  Mechanical  Manipulation,  embracing  Information  on  various 
Handicraft  Processes.  With  Useful  Notes  and  Miscellaneous  Memoranda. 
Comprising  about  200  Subjects 1/0 

*'  Sliould  be  found  in  every  workshop,  and  in  all  technical  Schools." — Saturday  Review. 

MODEL  ENGINEER'S  HANDYBOOK.      A  Practical  Manual 

on  the  Construction  of  Model  StOiun  Engines.  With  upwards  of  100  Illus- 
trations     1/0 

"Mr.  Hasluck  has  produced  a  very  good  little  hook.,"— Builder, 

CLOCK    JOBBER'5     HANDYBOOK.       A    Practical    Manual 

on  Cleaning,  Repaiiring,  and  Adjusting.    With  100  Illustrations     .        'I/O 
"  It  Is  of  inestimable  service  to  those  commencing  the  Xtaie."— Coventry  Standard. 

CABINET  WORKER'S  HANDYBOOK.     A  Practical  Manual 

on  the  Tools,  Materials,  Appliances,  and  Processes  employed  in  Cabinet 
Work.    With  upwards  of  100  lUusuations 1/0 

"Amongst  the  most  practical  guides  for  beginners  In  cabinet-work.  "—.Sa<«r<i«y^«'im». 

WOODWORKER'S  HANDYBOOK.  Embracing  information 
on  the  Tools,  Materials,  Appliances  and  Processes  Employed  in  Woodworking. 
With  104  Illustrations 1/0 

"  Written  by  a  man  who  knows,  not  only  how  work  ought  to  t>e  done,  but  how  to  do  It,  and 
how  to  convey  his  knowledge  to  others  " — Engineering. 

"  Mr.  Hasluck  writes  admirably  and  gives  complete  Instructions."— fi»v<««''. 

"  Mr.  Hasluck  combines  the  experience  of  a  practical  teacher  with  the  manipulative  skill  and 
scientific  knowledge  of  processes  of  tlie  trained  mechanician,  and  the  manuals  are  marvels  of  what 
can  be  produced  at  a  popular  price. " — Schoolmasur, 

"  Helpful  to  workmen  of  all  ages  and  degrees  of  experience."— Da iVj'  Chronicle. 

BRADBURY,  AGNEW,   &  CO.    LD.,   LONDO.N   AND  TONER  OGE.        [483.18. 1 1.I2] 


WEALE'S   SCIENTIFIC   &    TECHNICAL  SERIES. 


MATHEMATICS,    ARITHMETIC,    &c. 

Geometry,  Descriptive.    J.  F.  Heather  .        .        •  2/- 

Practical  Plane  Geometry.    J.  F.  Heathkr.        .    .  2/- 

Analytical  Geometry.     J.  Hann  &  J.  R.  Youno  .        .  2/- 

Geometry.     Part  I.  (Euclid,  Bks.   I.— III.)    H.   Law  1/6 
Part  II.      (Euclid,  Books  IV.,  V.,  VI.,  XI., 

XII.).     H.  Law 1/6 

Geometry,  in  i  vol.  (Euclid's  Elements)  .  .  .  .  2/6 
Plane  Trigonometry.    J.  Hann         .        .        .        .1/6 

Spherical  Trigonometry.    J.  Hann      .         .        .     .  i/- 

The  above  2  vols.,  bound  together   ....  2/6 

Differential  Calculus.    "Sff.  S.  B.  Woolhousk         .     .  1/6 

Integral  Calculus.    H.  Cox 1/6 

Algebra.     J.  Haddon 2/- 

Key  to  ditto 1/6 

Book-keeping i/- 

Arithmetic.    J.  R.  Young 1/6 

Key  to  ditto 1/6 

Equational  Arithmetic.     W.  Hipslet  .        .1/6 

Mathematical  Instruments.     Heather  &  Walmisley  2/- 

Drawing  &.  Measuring  Instruments.  J.  F.  Heather  1/6 
Optical  Instruments.  J.  F.  Heather  .  .  .1/6 
Surveying    &    Astronomical    Instruments.     J.  F. 

Heather 1/6 

The  above  3  vols. ,  bound  together   ....  4/6 

Mensuration  and  Measuring.    T.  Baker     .        .     .  1/6 

Slide  Rule,  &  How  to  Use  it.     C.  Hoake       .        .  2/6 

Measures,  Weights,  &  Moneys.  W.  S.  B.  Woolhouse  2/6 

Logarithms,  Treatise  on,  with  Tables.    H.  Law  .  3/- 

Compound  Interest  and  Annuities.     F.  Thoman     .  4/- 

Compendious  Calculator.     D.  O'Gokman         .        .  2/6 

Mathematics.     F.  Campin 3/- 

Astronomy.     R.  Main  &  W.  T.  Lynn  .         .        .        .  2/- 

Statics  and  Dynamics.     T.  Baker        .        .        .     .  1/6 

Superficial  Measurement.    J.  Hawkings         .        .  3/6 

CROSBY    LOCKWOOD   &   SON,  7,  Stationers'  Hall  Court,  E.C. 
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Return  this  material  to  the  library 
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BUILDING    &    ARCHITECTURE-conW. 

Architecture,  Orders.     W.  H.  Leeds 
Architecture,  Styles.     T.  T.  Bury 

The  above  2  vols. ,  bound  together 
Architecture,  Design.     E.  L.  Garbktt 

The  above  3  vols.,  bound  together 
Architectural  Modelling.    T.  A.  Riohard.son 
Vitruvius'  Architecture.    J.  Gwilt 
Grecian  Architecture.     Lord  Aberdeen 

The  above  2  vols.,  bound  together 


1/6 

2/- 
3/6 
2/6 
6/- 
1/6 
5/- 

i/- 
6/- 


FINE    ARTS. 

Dictionary  of  Painters.     P.  Dartl       .        .        .     .  2/6 

Painting,  Fine  Art.    T.  J.  Gullick  A;  J.  Timbs  .        .  5/- 

Grammar  of  Colouring.    6.  Field  k  E.  A.  Davidson  3/- 

Perspective.    G.  Pyne 2/- 

Glass  Staining  &  Painting  on  Glass.        .        .     .  2/6 

Music.     C.  C.  Spencer 2/6 

Pianoforte  Instruction.    C.  C,  Spencer        .        .    .  1/6 

INDUSTRIAL    &    USEFUL    ARTS. 

Cements,  Pastes,  Glues,  &  Gums.     H.  C.  Standage  2/- 


Clocks,  Watches,  and  Bells.     Lord  Grimthokpe 
Goldsmith's  Handbook.     G.  E.  Gee 
Silversmith's  Handbook.     G.  E.  Gee 


Goldsmith's  &  Silversmith's  Handbook.    G.  E.  Gee    7/- 


Hall-Marking  of  Jewellery.     G.  E.  Gee 
Cabinet-Maker's  Guide.     K.  Bitmead 
Practical  Organ  Building.     W.  £.  Dick.son 
Coach  Building.    J.  W.  Burgess 
Brass  Founder's  Manual.     W.  Graham 
French  Polishing  and  Enamelling.     It.  Bitmead 
Upholstering  and  Cutting  Out.     K.  Bitmkad  . 
House  Decoration.     J.  \V.  Facet. 
Letter-Painting  Made  Easy.    J.  G.  Badenoch  . 
Boot  and  Shoemaking.     J.  B.  Lend     . 
Mechanical  Dentistry.     C.  Hunter   . 
Wood  Engraving.    W.  N.  Brown. 


4/6 
3/- 
3/- 


3/- 
2/6 
2/6 
2/6 

2/- 
1/6 

2/- 
5/- 
1/6 

2/- 
3/- 
1/6 


CROSBY    LOCKWOOD   &   SON,  7,  StaUoners"  HaU   Court.  E.G. 
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